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The original object of this study was to apply histological 
tests to the Von Frey theory of receptors for the four modality 
sensitivity of the skin. The theory was propounded a number of 
years ago! and yet no direct histological demonstrations have 
been made. In fact it appears that there are no adequate stud- 
ies of the nerve endings of the hairy parts of the skin. Ruffini? 
says that all histological studies of the skin of man and the 
higher vertebrates worth mentioning have been confined to the 
palms of the hands and fingers, the soles of the feet, the eye, the 
generative organs, the lips and similar hairless parts. Very little 
seems to have been done since Ruffini’s time.’ 

Further, the theory seems to have an illogical coupling of 
one kind of receptor for the conjunctiva of the eye and another 
kind for the other parts of the skin. It calls for the Krause end- 
bulbs in the conjunctiva, and the Dogiel corpuscles in the skin, 
which latter are assumed to be the same as the Golgi-Mazzoni 
corpuscles of Ruffini.‘ Two different forms for the same func- 
tion is not unknown; but here the Krause end-bulb of the eye, 
the supposed cold organ seems to be homologous to the Meissner 
corpuscle of the palms, the supposed tactile organ. Krause 
end-bulbs lie just below the conjunctiva in the papillae, while 
Meissner’s corpuscles occupy a corresponding position in the hair- 
less parts of the body, i.e. just below the epidermis,®> which is 


*Accepted for publication May 9, 1927. 
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homologous to the conjunctiva. Further, cats and dogs have 
Krause end-bulbs in the dermic papillae of the soles of the feet 
where men and apes have Meissner corpuscles.® 


Opposed observations. A number of years ago Donaldson,’ using gold 
chloride, failed to find any organs under the temperature spots. Higg- 
— using hematoxylin and eosin, found smooth muscle bundles under 
e cold spots. Stetson,® working on the hair follicle, failed to find the tac- 
tile organ. Goldscheider, 10 working with chemicals, concludes that the end- 
organs of temperature are not stratified and lie at the boundary between 
the epidermis and the corium. Dallenbach," using methylene blue, failed 
to find any bulbs under the temperature spots. 


Confirmatory Seseeiione. It may be said that all these negative find- 
ings are meaningless, especially as histology i is involved in all but one of 
them, while on the other ve | Von Frey’s co-workers and students have 
offered several confirmatory observations that cannot be ignored. 

Strughold found that Krause end-bulbs were present in all parts of the 
mouth sensitive to cold—but the converse was not established. Strughold 
and Karbe” found that the topography of the cold sense of the conjunctiva 
agreed with that of the Krause end-bulbs as reported in the literature. 
Strughold™ found that the threshold for the cold spots was higher in re- 
gions where the conjunctiva was thicker. Strughold and Karbe” colored 
the nerves of the conjunctiva with methylene blue and found that Krause 
end-bulbs thus displayed were under cold spots, the positions of which were 
later determined. 


Plan of the present study. Having in mind these contradic- 
tory findings, the writer tried to find some solution of the prob- 
lem. This work was divided into five parts. I. The com- 
parison of the patterns of the temperature spots with those 
of the nerve end-organs. II. The search for Krause end-bulbs 
and Ruffini cylinders in the hairy parts of the skin. III. The 
application of Bielchowsky’s method of staining to the skin. 
IV. The determination of the most probable depth of the cold 
receptors. V. An histological examination of the skin. The 
first three problems gave negative results. The last two, how- 
ever, gave results that we believe are significant. The work is 
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reported as a whole, for the negative results, as well as the 
positive, may be of some assistance to other workers in this 
field. 


I. COMPARISON OF THE PATTERNS OF THE TEMPERATURE 
SPoTs AND OF THE NERVE END-ORGANS 


In the first part of the work, emphasis was laid upon tech- 
nique so as to avoid two possible sources of error observed in the 
earlier investigations. The first of these was the possible shift- 
ing of the organs in the excision and later manipulations. Al- 
though preliminary experiments seemed to show that the cold 
spots did not shift even when the skin was pulled to one side, or 
lifted, it seemed advisable to take out large pieces of skin with 
several spots to see if any pattern relation between the spots 
and the organs could be observed. The second was the staining. 
It is very well known that the special nerve-stains are capri- 
cious, staining only a part of the nerve elements, and often 
stopping short at some point, for no discoverable reason. We, 
therefore, decided to use ordinary histological stains and to 
depend on the organized tissues constituting the nerve end- 
bulbs for a means of identification. Nerve end-bulbs are often 
seen in good preparations and are large enough to be readily 
detected—the smallest being several times as large as the red 
blood corpuscle.'*® The only tissue with which they might be 
confused is a section of a nerve trunk; and in good preparations, 
nerve trunks in cross sections show numerous circular myelin 
sheaths, a structure lacking in all nerve end-organs so far ob- 
served.!” 

Observers: The observers were E. S. Rudisill and 8. F. Cooper, with whom 
the work was carried through to completion; and S. Sanderson, D. E.° 
Busby and C. R. Pendleton, with whom this part of the work was aban- 
doned before completion. 

Apparatus: The apparatus consisted of four parts: (1) An arm rest 
with a thin metal table above it, the height adjustable so that the metal 
would not lower the temperature of the skin; a square hole in the metal 
table allowed careful manipulation of a small exposed part of the forearm 
of the observer. (2) A marker.!* (3) A double scale graduated along two 
perpendicular lines in }-mm. steps, made of transparent celluloid, so that 
the coérdinates of marks of cold or warm spots could be read with respect 
to two points previously tattooed in the skin. (4) The best histological 
apparatus obtainable. 

Procedure. ‘The procedure was to explore the skin (size of area 1 x 2 
cm.), by continuous motion in one direction along parallel lines (44-14 mm. 
apart), mark the spots, read the coérdinates, enlarge ten times and transfer 
the coérdinates of every observation to a single sheet of paper. Clusters of 


146A. A. Béhm, M. von Davidoff, and G. C. Huber, A Textbook of Histology, 1926, 170. 

17A. Ruffini, op. cit., 438. 

18C. R. Pendleton, Instrument for marking the temperature spots on the skin. J. Exper. 
Psychol., 8, 1925, 471-474. 
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observations were assumed as the most probable location of the tempera- 
ture organs. Pieces of skin over 1 x 2 cm., including both tattoo points, 
were then removed by the experimental dermatologist of the Medical 
School, care being taken to get all of the lower layers of the skin; then 
paraffin serial sections were made.'? Some were stained with Mallory’s 
aniline blue, others with Delafield’s hematoxylin and Van Gieson’s solution. 


Results. No nerve end-organs were found. Certain bodies 
observed in preliminary studies of tissue taken from autopsies, 
thought to be end-bulbs, turned out to be cross sections of 
nerve trunks. All bodies in the two biopsies studied, resembling 
end-bulbs were nerve trunks. This was demonstrated both by 
the presence of myelin sheaths and by serial section study. Con- 
sequently no comparison of the two patterns, one of tempera- 
ture spots, the other of end organs was possible. 

One of two conditions is possible here—either there are no 
end-bulbs in the hairy parts of the skin, or the technique used 
was faulty. In regard to the first possibility, Von Frey”® found 
one in the upper arm, but Ruffini says that there is no adequate 
knowledge of this region.* In regard to the second possibility, 
all we can say is that we used the best technique available. The 
results of this part of the work quite naturally lead to the 
search for specific end-organs in the hairy regions of the skin. 


II. Searcu ror Krause Enp-BuLBs AND RUFFINI CYLIN- 
DERS IN THE Harry REGIONS OF THE SKIN 


In the second part of the work we used skin specimens from 
human legs taken immediately after amputations; specimens 
from the palms, the skin of the abdomen, and the conjunctiva 
from posted bodies; and specimens of palmar and toe pads and of 
the conjunctiva from the cat. 


Procedure: We tried several fixing fluids—10% formalin, Bouin’s, Flem- 
ing’s, and Allen’s. The latter was chosen as possibly better than the others, 
though Bouin’s was used as an alternate. 

Twelve blocks of human skin, taken from three different amputations, 
trimmed to 1 sq. cm., after fixation; a half-dozen blocks of smaller size from 
abdomen; three or four from fingers and palms, one from human conjunc- 
tiva, one ‘from cat’s conjunctiva, one cat’s toe pad, and one cat’s palmar 
pad, were used. The blocks of skin taken from amputations were im- 
bedded as described above and sectioned, some normal, some tangential, 


19As paraffin sections of human skin are difficult to make, and as none of the published 
formulae worked well enough for serial sections, os finally adopted as the best is here 
offered. Fix for 144-2 hrs. in Allen's fluid, B15; wash 24 hrs. in tap water; wash for 5-6 
-* in several changes of 50% alcohol; then 70% alcohol, 45 min.; 85% alcohol, 45 min. 

J alcohol, 60 a 3 changes of absolute alcohol of 2, 3 and 3% hrs. each; 3 changes 

of jp Fra ne of 48 , and 5 hrs. each; chloroform paraffin 3 hrs; German paraffin melting 
at 60°C. 3 hrs.; ‘in paraffin melting at about 55°C. With the razor in the best con- 
dition, a block of ‘aaoen, trimmed after fixation to 1sq.cm., 4 mm. thick, may be cut without 
shifting the razor, and a serial section containing over a thousand sections mounted with- 
out losing or marring one. 

20M. von Frey, op. cit., 182. 

2A. Ruffini, op. cit., 425. 
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and mounted on slides. Samples of all blocks were stained, and two normal 
sections, seemingly the best were completely stained and finished. Several 
stains were tried out, and one of these blocks containing over 1,000 sec- 
tions was stained in iron haematoxylin, the other in iron haematoxylin and 
eosin. The blocks of other tissues were treated in similar manner, except 
that not so many slides were made. The blocks from posted bodies were 
not considered reliable, but they and the other blocks showed what was 
wanted in a few sections. 

It is believed that any square centimeter of human skin taken just below 
the knee will contain at least one cold spot. So that the sections of fresh 
human skin, trimmed to 1 sq. cm. after it had shrunken in the fixing fluid, 
ought to show at least one cold receptor. These two serial sections were 
studied in an effort to locate such an organ. The other tissues, palm of 
human hand, fingers, and conjunctiva, and cat’s conjunctiva, toe, and 
palmar pads, were studied for the sake of comparison. 


Results. The results of this section of the study may be 
summarized as follows. 

(1) No Golgi-Mazzoni, Krause, or Ruffini end-organs were 
discovered in the hairy parts of the human skin. (2) In the 
human palms, where end-bulbs are known to exist in number,” 
such bulbs were found, and with very little difficulty. They are 
rounded organized groups of connective tissue and nuclei, dif- 
ferent from any of the other well-known elements of the corium, 
the nerves having no myelin sheaths. (3) In the human con- 
junctiva, the cat’s conjunctiva, the cat’s toe and palmar pads, 
no definite identification of the end-bulbs in the papillae could 
be made. The places where they are to be found are easily dis- 
coverable; some that are probably end-organs may be pointed 
out. But to say that the tissue in a certain papilla is or is not 
an end-bulb, seems, on the basis of this study, to be impossible. 
The reason is obvious on examination of the slides. The dermic 
papillae where these bodies lie simulate the shape of the end- 
bulbs so closely that to discriminate the papillae with end- 
bulbs from those without is too uncertain to be dependable. 

On the basis of these results, the probabilities seem to be 
against the existence of end-bulbs in the lower and middle 
layers of the corium, i.e. Krause, Golgi-Mazzoni, Dogiel, Ruf- 
fini, or whatever other name they may have. While the prob- 
abilities are about equal, for and against their existence in the 
dermic papillae just under the epidermis. 

Any one of the following conditions may exist. (1) Bulbous 
corpuscles may exist in the lower layers of the corium, but are 
so small or so slightly organized that they are confused with 
other tissues. (2) Bulbous corpuscles may exist in the dermic 
papillae and function as the cold receptor, in which case they 
would be much the same as the Meissner corpuscles—though 
smaller and less organized—supposedly functioning as the tac- 
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tile organ in the hairless parts. (3) There may be some unsus- 
pected error of technique which makes these forms undiscern- 
able. As a result of these considerations, the next part of the 
work was undertaken. 


III. Metuop or STAINING THE SKIN 


There are four or five distinct methods of staining nerve tis- 
sue. Krause and Ruffini used gold chloride. Dogiel used 
methylin blue. It is somewhat more reliable than gold chloride, 
but many losses occur in sectioning. It works best in intra- 
vitam staining. Golgi, Cajal, and others used chrome silver 
and its modifications. All these methods are seemingly unsuited 
for quantitative work. They stain certain nerve elements and 
leave others untouched. What they show is brilliant, what 
they leave unstained may not even be suspected. They were 
tried out at the beginning of these studies and found too un- 
certain for the work in hand. But they could be applied quali- 
tatively to the hairy parts of the skin as they have been applied 
to the hairless parts. Another method of staining has been 
developed by Bielchowsky, in which silver is used in combina- 
tion with an alkali. This is claimed by many to be the best of 
all nerve stains. The application of this method to peripheral 
nerves, however, is not so good. 

Much of the literature on this subject has been examined for 
a suitable method, with no decisive results. Modifications of 
Sand,”, Agduhr,™ and Boeke,” were tried on the conjunctiva, 
the hairless and hairy parts taken from posted bodies with the 
result that the connective tissue stained as brown as the nerves 
and no discrimination was possible. Another modification, that 
of Schultz, is reported by Von Frey to be the best yet devised. 
Before this could be tried out, a method was discovered for 
measuring the depths of the cold receptors, and the work turned 
in this direction, leaving many loose ends, some of which it is 
hoped will be taken up again. The greater part of the above is 
to be taken as a sketch rather than a set of scientific conclu- 
sions. 


2R. Sand, Une methode simple et elective de coloration des neurofibrilles et des cylin- 
dre-axes, Zsch. wiss. Mikr., 28, 1911, 500. 
_ “Erik Agduhr, Uber Stiickfirbung mit Bielchowskys Silberimprignationsmethode. 
Einige Modifikationen, Zsch. wiss. Mikr., 34, 1917, 1-99. 
% J. Boeke, Die motorische Endplatte bei den héheren Vertebraten, ihre Entwickelung, 
Form und Zusammenhang mit der Muskelfaser, Anat. Anz., 35, 1909, 196. 
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IV. DETERMINATION OF THE MOST PROBABLE DEPTH OF THE 
Coup RECEPTORS 


Strughold’s fusion beads* suggested a method for measuring 
the depth of the cold organs, which was the next phase of the 
problem attacked. 


Strughold used small beads of different sizes on the end of fine copper 
wire leads to show that the relative depths of the Krause end-bulbs below 
the conjunctiva corresponded to the size of the fusion beads, i.e. the 
amount of heat extracted. The variation in the size of his beads, however, 
seems Out of proportion to the different thicknesses of tissue involved al- 
though he made allowances for several physical conditions. This irrelation 
would seem to be due to a factor which was not considered, namely, the 
size of the wire lead by which the bead is suspended. In this stimulus there 
are two masses of metal which extract heat, the copper bead and the copper 
wire lead. This latter was ignored, although it was possibly a greater 
factor than the bead itself in the smallest stimulus used, while in the largest 
it was probably only a small fraction of the total. In other words, there 
are two factors which make the stimulus in this series of instruments, one 
is constant and was incorrectly ignored and the other is variable and was 
used exclusively as a basis of calculation. 

Method of Procedure. The method used in the present set of experiments 
takes advantage of the fact that copper cylinders of varying diameter and 
sufficient length will have only one variable, the square of the diameter. 
The length ceases to be a variable if it is sufficiently great, because the 
flow of heat is such that after a certain distance the copper wire or cylinder 
is at room temperature although one end be maintained constantly at a 
higher temperature. The physicists tell us that, with the slight difference 
in temperature involved and the size of the cylinders used, the length need 
be only several times the diameter. 

If then a set of copper cylinders of varying diameter and sufficient 
length be used, and the room and the skin surface be kept at constant tem- 
peratures, the amount of heat extracted will vary according to the square 
of the diameter of the cylinders, and consequently the amount of heat ex- 
traction necessary to stimulate the cold organ can be measured. This 
amount will be composed of two quantities: (1) that required to arouse the 
organ itself in its uncovered state, which to begin with, may be assumed 
constant for each individual in a state of health and for a short period of 
time; and (2) that required to lower the temperature of the tissues lying 
between the surface of the skin and the organ itself. This latter quantity 
will vary according to the cube of the depth of the receptor, provided that 
the conditions, to be considered later, remain the same. 

The first method for measuring the depth of the cold body is to deter- 
mine the limen of a cold spot, remove a known quantity of epidermis and 
determine the limen again. From the three quantities determined, the 
depth of the cold body below the surface can be measured. The formula 
will be x =c /(1-d) in which c is the thickness of the epidermis removed 
and d is the ratio of the two limens. The constants necessary to construct 
the equation are eliminated, but the constant representing that part of the 
heat extraction necessary to stimulate the uncovered cold receptor must 
be ignored in this method. If it is small the results will not be appreciably 
affected; in any case the value x will fall below the cold organ unless this 
quantity be zero. 

A second method which offers at least a possibility of accounting for this 
last quantity is as follows. Determine the limen of a number of cold spots 
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in different parts of the body where the skin varies in thickness. Next 
measure the thickness of the several layers of the skin over the several 
spots. Then compare the ratios of limens to the ratios of thickness. If the 
several layers of the skin should vary according to the total thickness, 
nothing could be gained; but as this seems not to be the case’ that set of 
ratios of thicknesses which is nearest to the ratios of the limens will be in- 
dicated. If then a constant determinable quantity be subtracted from the 
limens, to represent that necessary to stimulate the receptor itself, leaving 
a second set of quantities and ratios which compare more favorably with 
the ratios of depths of certain layers of skin, then the depths and layers of 
skin thus found are indicated for the location of the receptors. And the 
quantity extracted is a measure of the amount of heat extraction necessary 
to arouse the uncovered cold organ. 

The second method, however, gives only the relative depth of the cold 
organ. This body might lie two or three times as deep as the position in- 
dicated. A comparison of this depth with that found by the first method 
will remove the uncertainty. 

The cylinders were made of copper wire drawn and ground to the proper 
diameters and mounted by two fine copper wires on round brass key tags 
stamped with the diameter of the cylinders. They are in two series, one 
running from 4.00 mm.-0.20 mm. in steps of 0.05 mm.; the other running 
from 0.26 mm.-o0.08 mm. in steps of 0.02 mm. The method of construction 
allows an accuracy of at least 0.005 mm. but the original wires were not 
strictly round and the irregularities could not easily be removed. The 
practice was to take the average of the largest and the smallest diameter 
as the nominal diameter. 

The sizes turned out to be unexpectedly small. Strughold’s smallest 
reported bead had a diameter of 0.22 mm. on a wire 0.10-0.15 mm. The 
smallest cylinder reported cold was 0.08 mm. which happened 7 times, 
while the cylinders having a diameter of 0.14 and lower were reported cold 
37 times. The surface of the skin was moistened with a glycerin solution 
to correspond somewhat with the condition of the conjunctiva. Assuming 
that the cold organ in Strughold’s experiment lay just below the conjunc- 
tiva, the cold organ in the observations just mentioned—on the back of the 
hand—must lie well up in the epidermis. The thickness of the conjunctiva 
varies from 45-80u.% The thickness of the several layers of the epidermis 
over the spots which gave the above observations may be seen in Table IV 
Biopsy No. I and VI where the stratum corneum is roughly 67 and 63. re- 
spectively. 

Observers. The observers in this series were H. S. Oberly (5 limens and 
3 biopsies), and C. R. Pendleton (26 limens and 3 biopsies). 


Results. The magnitude of the limen is affected by a num- 
ber of conditions. The state of attention is obvious, but 
the reported pleasing stroke of a camel’s hair brush with the 
warm glycerin solution had a surprising though slight effect in 
lowering the limen. Fatigue is the hardest factor to deal with. 
There seem to be two kinds. The first is slight and heightens 
the limen, a slight rest will often restore the original state. 
It is important to note here that if the series be started too high 
above the limen, the organ will become fatigued before the true 


27V. Drosdoff, Dela mensuration de l’epiderme dans les differentes parties du humain et 
des rapports entre son épaisseur et la sensibilité electrocutanée, Arch. de Phys. normal et 
pathol., 2 Ser. 6, 1879, 117-134. A. Koelliker, Handbuch der Gewebelehre des Menschen, 
1889, r6r, 203. 
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limen is reached. Apparently subliminal stimuli will also fa- 
tigue the organ. Both were avoided by using short series, 
starting at or near the lowest perceived stimulus. The limen 
is then found to drop slowly until a fairly even position is at- 
tained. After a few series the limen will again jump upwards 
and the cold spot will not return to normal for some time. 
This is the second kind of fatigue mentioned above. Usually 
two or more spots were studied by turns, so that little time 
was lost while certain spots were resting. In calculating the 


Fig. 1. Successtve STaGes oF THE LiMEN or Spor No. 5 


limens, those series which seemed to be plainly affected by 
fatigue were discarded but no rule has been evolved to determine 
which to rule out. Fig. 1 illustrates how the limen fell as suc- 
cessive stages of fatigue were eliminated. 

A number of physiological conditions seem to affect the 
limen. A chilly feeling, cold hands, slight drafts, a cold sur- 
face under the hand all seemed to have marked effect on the 
limen. A woolen cloth was placed under the hand and arm and 
as comfortable position as possible obtained. Even then a 
cramped feeling from a twisted arm in the palm-up position 
sometimes interfered. After tattooing the location of a spot, it 
was necessary to wait sometimes for a week for the injured 
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cuticle to recover completely; a short rest after walking seemed 
to be necessary, and the amount of caffeine used for breakfast 
seemed to affect it. 

The temperature of the room was kept at 20°C + 0.5 by opening and 
closing a window and waiting until a thermometer, graduated to tenths of 
a degree, standing as close as practicable to the cylinders and the observer, 
recorded a temperature within the required limits. The surface of the skin 
was moistened with a mixture of glycerin three parts and water two parts; 
the glycerin to prevent heat extraction from evaporation; the water to give 
greater fluidity; and the mixture to even out certain irregularities in the 
surface of the skin, and to approximate the condition of the conjunctiva, 
with which comparisons have already been made. The accurate placement 
of the stimulus is more serious than might be supposed. To place a cylin- 
der of 1/10 or even 2/10 of a millimeter in diameter on a point is not easy. 
Supposing that it is often missed, a few trials for each cylinder were al- 
lowed, when there was no response. The time between applications was 
about a half second and the length of the application varied from an in- 
instant for the smallest to about one second for the largest. The latter 
was found necessary; the former seemed to be useful in avoiding fatigue. 


Table I gives the limens determined in different parts of the 
arm and hand of two Os, calculated by a form of Miiller’s 
method of Least Differences. 

It should be noted that, in those cases where no limen is 
given, but only the lowest perceived, the figures mean practically 
nothing. The limens probably were never reached owing to 
fatigue or to some condition of injury. The figures are given 
merely to complete the record. 

In determining the depth of the cold organ by the first 
method, the cuticle is ground down with sand paper, after the 
limen is determined. Care must be taken here to prevent 
injury to the sensitive tissues since this heightens the limen. 
Accordingly the sensitivity was tested occasionally as the grind- 
ing went on. Table II indicates results from this process in two 
cases. 

The next step is to excise two blocks of cuticle, one from the 
ground portion and one from the normal skin as near and as 
similar as possible to the first, and measure the thickness of 
the strata in the two cases, by slides prepared according to the 
formula given above. The last column in Table II gives these 
results. It will be seen that c = 166yu, d = 0.3305/0.6179; from 
which x = 357u. That is, the depth of the cold organ is 357u 
below the surface of the epidermis. By comparison with 
Table III, Biopsy V, column 7, which shows the thickness 
of the stratum corneum, it will be seen that this position is 
about 24u, below the bottom of the stratum corneum or near 
the top of the living part of the skin. 

A somewhat simpler variation for determining the value c 
is to slice off a piece of the epidermis after the exact location 
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of the spot has been marked, section and measure the thickness 
of the epidermis removed and proceed as above. This, however, 
has not been tried. 
TABLE I 
Liwens oF Cotp Spots In DirFerENT Parts OF THE HAND AND ARM 


No. of Lowest | Biopsy 

0 Location series Limen perceived no. 

Center 0.2250 0.20 
arm 0.1666 


oO. 
oO. 


On 
ooo 


Pendleton 


© ON AUP WN 


CWO 


Palm of 
thumb 


Center of 
Palm 


Heel of 
palm 
Back of 
hand 


Palm of 
thumb 
Heel of 
palm 5 .4857 
*Moved twice, i.e. three locations within 2 mm. 
tApparently injured in tattoo, it was insensitive for some time. 


inflamed at the time. 
ot certain of location of spot. 


.1750 
.1750 


- 1733 
. 1036 


UhWN 


. 5000 


In the second method for determining the depth of the cold 
organ the limens are determined and the thickness of the over- 
lying tissues measured as described above. But here the cor- 


3 20 
4 7° 
Inner 15 
arm .12 
.18 
1 .08 I 
.18 
65 
.30 
Back of .18 
hand .18 
.12 
.22 
10 .20 
II .16 
12 .20 
j || I 17 0.4350 0.40 II 
15 0.9433 0.65 
t 1.30 
§ 1.75 
8 I 0.65 
g 16 0.95 Ill 
3 0.18 
II oma 0.08 IV 
0.30 
0.50 
0.20 
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responding layers of skin of different thickness are measured, the 
ratios found which are nearest to the ratios of the relative 
depths, 7.e. the limens raised to the two-thirds power. Table III 
is a set of limens from 6 cold spots compared with the thickness 
of different layers of epidermis under them. Column 4 gives 
the limen in terms of the diameter; column 5, the diameter 
raised to the two-thirds power; and column 6, the same value 
as column 5 in ratios, i.e. every set of figures is divided by the 
value obtained in Biopsy I. Columns 7, 9, 11, and 13 give the 
measured thickness of different parts of the epidermis, while 
columns 8, 10, 12, and 14 give the ratios of the same values. 

It will be noted that column 14, the bottom of the papillae— 
the juncture of epidermis and the corium—agrees best with the 
ratios of the limens, 7.e. the sum of the deviations is smaller. But 
it is to be noted that the cold organ is somewhere above this 
point, the distance depending on the amount of the stimulus 
used in exciting the organ itself. If certain arbitrary amounts 
be subtracted, to account for this factor, other and higher 
points of ‘best agreement’ will be obtained. Table IV is a table 
of three such subtractions. It will here be seen that as the 
amount increases to about 0.1000 the sum of the deviations 
becomes least, further increase enlarges the sum. For this 
amount that depth of epidermis has the least sum of deviations 
which corresponds to the bottom of the stratum corneum. This 
agrees with the depth found by the first method, and with the 
above comparison with Strughold’s data. 

But if 0.1000 is the amount necessary to arouse the cold 
organ itself, this amount must be subtracted from the two 
members of the ratio calculation above. The quantity d then 
becomes 0.2305/0.5179, ¢ remains the same, so that x (formula 
on p. 359 above) becomes 300n below the surface of the 
skin. A comparison with the thickness of the strata given in 
Table IV, Biopsy V, column 7, places this point just above the 
bottom of the stratum corneum. As the number of observa- 
tions is small, this calculation must be considered in connection 
with results from the first method. A position just below the 
bottom of the stratum corneum, in the top of the stratum mal- 
pighi, where sensitivity is generally believed to begin, seems 
most likely. 

At this point it should be noted that the cold spots studied 
were those having the smallest limens, which are believed to 
be those in which the cold organs are more superficial. The 
other spots whose limens are higher may be supposed to lie 
lower down in the stratum malpighi. From Table III, Biopsy I, 
column 13, it may be seen that the actual depth of the bottom 
of the stratum malpighi (bottom of papillae) on the back of the 
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: hand of one O (Pendleton) is 1674. This corresponds to a 
cylinder of o.19 mm. diam. All the limens of this region except 
one fall within this limit. Laboratory notes show that this spot 
was dull and hard to measure. 


IV 
: Liwens CoMPARED WITH THICKNESS OF EPIDERMIS AFTER SUBTRACTING 
QUANTITIES TO REPRESENT THAT AMOUNT NECESSARY TO AROUSE 
| THE ORGAN ITSELF 
DEVIATIONS 
Li 
Orneum) papillae | papillae papillae 
I 1.00 0.00 0.00 0.00 0.00 
II 2.75 1.50 1.55 0.85 0.25 
oa Ill 5-34 3.66 1.26 0.13 0.84 
§ IV 1.58 0.92 0.22 0.69 0.42 
2.96 2.04 1.74 0.64 0.14 
5 VI 1.06 0.11 0.19 0.02 0.13 
Sum of 
deviations 8.23 4.96 2.33 1.78 
I 1.00 0.00 0.00 0.00 0.00 
3 II 3.30 0.95 1.00 0.30 0.30 
6.70 2.30 0.90 2.20 
£ IV 1.77 0.73 1.03 0.50 0.23 
2 V 3.58 1.42 1.12 0.02 0.48 
Fs VI 1.08 0.13 0.17 0.04 0.15 
w 
Sum of 
deviations 5.53 4.22 2.09 3.36 
I 1.00 0.00 0.00 0.00 0.00 
3 II 4.37 0.12 0.07 0.77 1.37 
> Iil 9.33 0.33 1.73 3.86 4.83 
Fs IV 2.12 0.38 0.68 0.15 0.12 
S V 4.77 0.23 0.07 1.17 1.67 
VI 0.16 0.14 0.07 0.18 
S Sum of 
} deviations 1.22 2.69 6.02 8.17 
I 1.00 0.00 0.00 0.00 0.00 
II 7-24 2.99 2.94 3-64 4.24 
t = III 16.43 7.43 8.83 10.96 11.93 
IV 3.08 0.58 0.28 0.81 1.08 
; S V 7.98 2.98 3.28 4.38 4.88 
VI 1.20 0.25 0.05 0.16 0.27 
| 3 Sum of 
i deviations 14.23 15.38 19.95 22.40 
Of the factors which would tend to vitiate the results the 
most obvious are the crude methods of calculating the limens 
and the great variability in measuring the depths. In calculat- 
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ing the limens, fatigue prevents anything like a determination 
of the limen by the (7) hypothesis. The method of least dif- 
ferences is the best method that could be used. With plenty of 
time much more accurate results could be obtained, but these 
probably would not alter the stratum in which the cold organ 
is found to lie. The measurements on the depths of the layers 
of the skin are averages of four positions taken, as near as pos- 
sible, to the actual position of the cold spot. 

Other conditions which might alter the calculated depth are: 
(1) a change in the direction of the flow of heat, 7.e. it might flow 
more tangentially in some strata than in others; (2) a difference 
in the specific heat of different strata; and (3) nearness to blood 
vessels. All these must be disregarded at present. But the 
fact that the calculations place the cold organ so near the sur- 
face of the skin, and well above those strata which differ 
markedly in their physical and histological structure, makes 
these conditions seem less serious. 

It seems unlikely that a cold spot near a set of capillaries 
could be lowered appreciably by a stimulus as small as has been 
found sufficient to arouse the cold body. Cylinder 0.08 mm. 
has been reported cold 7 times, and o.10 mm. and lower 24 
times. The papillae under these spots measure roughly 0.05 
mm. in diam. They have a net work of capillaries in them. 


If a part of this stimulus goes to lower the temperature of the 
intervening tissues the remainder would seem wholly inade- 
quate to lower the temperature of the cold body near the blood 
vessels. This is even more unlikely if the cold organ be of the 
bulb type which has blood vessels in it and around it; or if the 
cold body lies below a plexus of blood vessels. 


V. HuisrotocicaL EXAMINATION OF THE SKIN 


Stimulation of the cold spots after the biopsy operation had 
healed showed a return of the cold spot, after some time 
(roughly 60 days), in every case at the edge of the incision al- 
though the original spot was in the center, as accurately as the 
eye could see. The incisions were made by means of a two milli- 
meter dermic punch. In every case a scar was left, in some cases 
an almost perfect circle. 

In all but two of the biopsies, the spots for some time after 
healing, 7.e. 15 to 30 days, were insensitive to cold at o°C. One 
of the two exceptions, Biopsy II, was sensitive at this tempera- 
ture before the blood clot had disappeared. There are now two 
spots along the edge of the scar, about one millimeter apart, from 
which it seems that there were two cold spots near together here, 


2A. Ruffini, op. cit. 
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one remaining just beyond the edge of the incision, and the 
other removed, because the original cold spot lay between two 
tattoo spots, both of which appear in the sections. Of possible 
interest here is that this spot was unusually painful in the ex- 
cision and that microscopic examination showed a large nerve 
trunk under it. The other of the two spots seemed to respond 
at o°C as soon as healing was completed. This response was 
vague and uncertain, however, and opportunity to make further 
careful examination was lacking. Sixty days later (roughly) 
this spot was clearly located on the edge of the scar. From this 
it may be supposed that the doubtful cold sensation reported was 
an error. It is unfortunate that this cannot be stated more em- 
phatically. The biopsy removed the epidermis with only a very 
small layer of the corium (about 17u). The significance of this 
fact was not appreciated until after the return of the cold spot 
on the edge of the scar. When the spots return the limens are 
plainly higher but exact measurements have not been made. 
They seem to lower as time goes on but this again has not been 
measured. 

In examining the slides made from these biopsies, especial 
efforts have been made to find end-bulbs. Not one has been 
discovered, except Meissner’s corpuscles in Biopsies IV and V. 
Limitation on the significance of this should be placed in ac- 
cordance with what has been said in Sections I and II. The 
localization of the cold spots is, however, the most accurate 
known to the writer. The small size of the stimulating instru- 
ment on the back of the hand makes accurate placement neces- 
sary. The elimination of unnecessarily strong stimuli makes 
stimulation from a distance unlikely while the elimination of 
fatigue factors tends to prevent them failing to appear where 
they are.*° 


Biopsy I is a good example; this was accurately localized after 
the tattoo point had been made; than a second tattoo point 
was inserted. The cold spot was found to be between these 
two spots and a little to one side. A preliminary shallow cut 
was made with the punch and a drawing of the circle and three 
points near the center made. The excision was then made and 
after fixation the two tattoo points could be seen and part of 
the preliminary circle, the final cut having been made slightly 
to one side of the preliminary marker. The two tattoo points 
and the cold spot remaining in the form of a roughly equilateral 
triangle one half millimeter on a side in the center of the 2 mm. 


%It may be suggested that possibly some of the unaccountable absence of marked cold 
spots on certain occasions is due to their having been fatigued by cold from nearby applica- 
tions. Only two of the 36 spots studied by this method have ever failed to appear, so far 
as laboratory notes go. One responded only once. It was plainly inflamed from the tattoo 
mark. The other seemed to be dull. Both were dropped from further study. 
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circle. This biopsy was insensitive to cold for some time after 
complete healing and was deep enough to take out all or nearly 
all of the corium. 

There is reason to believe that the surface spot was removed 
in every case but the depth varied from just below the epidermis 
in Biopsy III to probably the full depth of the corium in Biop- 
siesl and IV. It is quite possible that Golgi-Mazzoni corpuscles 
may have lain at the bottom of the corium where Ruffini says 
they are found, and were not removed. 


CoNCLUSIONS 


The evidence of these studies is against the Golgi-Mazzoni 
end-bulbs being the cold receptors. They have not been found 
in the hairy parts of the skin nor in the biopsies of the hairless 
parts, Biopsy II having been quite deep. If they are found 
mostly at the juncture of the corium and the tela subcutania, 
as Ruffini contends, they would be far too deep and covered with 
too many capillaries to receive the minimal cold stimuli. If 
they are found in the papillae as Dogiel reports they come under 
the same category as the Krause end-bulbs mentioned below. 

No evidence was found as to the existence or non-existence of 
the Krause end bulbs in the dermic papillae. If they or Golgi- 
Mazzoni end-bulbs are in the papillae, there is quite a question 
whether they are not the same as the Meissner corpuscles. In 
any case they are deeper than the calculated positions of the 
cold bodies. 

There is no evidence here to support Haggqvist’s findings of 
smooth muscle fibers under the cold spots. 

All the evidence points to the supposition that the cold re- 
ceptors lie in stratum malpighi; some near the top and some 
deeper down; and that the difference in the limens is due mainly 
to the thickness of the overlying tissues. In the stratum mal- 
pighi there are two forms of nerve endings, the well-known free 
nerve endings discovered by Langerhans in 1868, and the so- 
called hederiform nerve endings of Ranvier. As the latter are 
not so well known, and as there is some reason to suppose that 
they may be the cold organ, a brief description of them, taken 
from Ruffini*' follows. 

The hederiform nerve endings are basket-like in character with the con- 
cavity turned towards the outer surface of the skin; the basket usually con- 
tains one of the prickle cells of the Malpighi layer somewhat modified in 
its histological characters. These cells were discovered by Merkel in 1875, 
called Tasizellen and thought to be peripheral nerve cells. But Ranvier in 
1880, on the basis of more careful studies, concluded that they were A - 
thelial cells having a special relation to these nerve endings. He calle 
them hederiform terminations from their supposed resemblance to ivy. 


“Ruffini, op. cit. 
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But Dogiel with better methods found this description not wholly correct. 
Rather they are basket-like, composed of slender, varicose, non-medullated 
fibers interlacing to form a net work around the base of one of the prickle 
cells. These fibers arise from medullated fibers of the superficial plexus of 
the skin. Accepting this description as the most probable, Ruffini proposes 
that they be called the intra-epithelial baskets of Dogiel. They lie near 
the ducts of the sweat glands and are considered the most recent form of 
nerve endings in the vertebrate epidermis, being found only in mammals. 

It is not unreasonable to suppose that the sense of cold with 
its cold organ appears for the first time with the warm-blooded 
animals. Since the free nerve endings of Langerhans seem to 
be the oldest form of nerve endings in the vertebrate epidermis 
and the hederiform endings are considered the latest, it seems 
not improbable that the latter are the cold organs. The relation 
of these nerve end-organs to the sweat gland ducts offers an 
opportunity to test this supposition. 


STUDIES IN AFFECTIVE PSYCHOLOGY! 


By Tuomas Youna, University of Illinois 


VI. PREFERENTIAL DISCRIMINATION OF THE WHITE RAT FOR 
DIFFERENT KINDs oF GRAIN? 


In view of certain difficulties with the introspective study 
of affective processes* it would be desirable to eliminate the 
human form of verbal report. The following experiments are 
designed to suggest such a mode of approach through the field 
of animal behavior. 

The study has been limited to the relative preference of the 
white rat for various kinds of grain. After preliminary experi- 
ments with various food substances, grain was selected because 
of certain advantages in experimentation. The individual 
kernel is a food unit of fairly constant size; it can be easily 
handled; it is clean; it remains presumably constant for a long 
period; it is a normal food substance of the rat, and grain can be 
easily obtained in unlimited amount. 

Three male white rats of middle age were used in the ex- 
periments and these will be designated as X, Y, and Z. The 
animals were fed once a day at the close of the observations so 
that the degree of hunger would be approximately constant 
from day to day. The rats were maintained on a diet of bread 
and milk prior to the experiment and throughout the experi- 
mental period. 

The experiments were made in the early afternoons during 
the spring of 1927. 

EXPERIMENT I 

Relative preference for corn (maize) and barley. A table, 100 x 
140 cm., was covered with clean wrapping paper and in the center 
was placed a thin steel sheet, 7.5 x 10.5 em., which will be desig- 
nated as the feeding-plate. The steel plate was used because it 
could be easily cleaned. 

In an actual experiment grains of corn (C) and barley (B) 
were arranged on the feeding-plate before the rat was placed on 
the table. The animal was then introduced at a predetermined 


*Accepted for publication August 13, 1927. 

1Continuation of the series, this JOURNAL, 38, 1927, 157-193. 

*The present investigation was made possible jmee the grant of a National Research 
Fellowship in the Biological Sciences, for which I should like to express sincere appreciation 
to the Fellowship Board of the National Research Council. I am also indebted to Professor 
Wolfgang Kohler, Director of the Psychological Institute in Berlin, for extending the facili- 
ties and courtesies of his laboratory. 

*The difficulties are discussed in earlier parts of the present series: The ‘trained’ observer 
in affective psychology, and The logic of affective psychology, op. cit., 175, 186. 


372 


STUDIES IN AFFECTIVE PSYCHOLOGY 373 


point. This point was the center of the shorter table-edge at 
a distance of 70 cm. from the food. The experimenter stood 
quietly behind the entrance point and observed the behavior 
of the rat in relation to the grain. 

At first the animal explored a great deal around the edges 
and upon the surface of the table and discovered the food more 
or less accidentally, but with repeated trials he soon learned to 
go directly to the feeding-plate. 

The manner of eating was observed. The rat would ordi- 
narily take a grain of corn in his paws, gnaw and nibble part of 
it, then chew and swallow, then gnaw some more, etc. The 
outer portion of the C was apparently harder to gnaw than the 
central kernel and the complete eating of a grain of C was often 
a matter of minutes. Barley was eaten more easily and quickly. 

Preliminary observations were made with a single grain of C 
and one of B presented simultaneously on the feeding-plate. 

It was observed that all three of the rats would pick up the 
C, eat part of it, drop it, eat B and then complete the eating of 
C. This gave the impresssion that B was preferred to C since B 
was eaten before C. More careful observation, however, showed 
that it was always the central part of the C—the kernel con- 
taining the germ—which was eaten before the hard outer por- 
tions. Consequently it seemed necessary to regard the C as 
composed of two parts, a central kernel (k) and the peripheral 
portion (p). What is the order of preference among k, p, B? 

To answer this question three Cs and three Bs were placed 
symmetrically and alternately about the central point of the 
feeding-plate. The tips of the six grains were pointed inward 
and all were as close together as possible. 

There was a good deal of irrelevant behavior such as ex- 
ploration, sniffing, listening, preening, etc. All three of the 
rats would at times carry the grain to a far corner of the table 
before eating and would later run back to the feeding-plate for 
more grain. The interesting point in this connection is that the 
three rats ran to the same corner which was away from the light 
and away from the experimenter. If we ignore this more or less 
irrelevant behavior and consider only the actual order in which 
the grains were eaten, we have the following result. The order 
of symbols corresponds to the order in which the food substances 
were eaten by each of the three rats on four successive experi- 
mental days. 

Rat X: Bpp 
Bpp 
(p) (p) B p p (p) 
Bpp 


k 
B 
k 


BB 
kk 
Bk 
kB 


The symbol (p) in parenthesis indicates that the rat nibbled 
on the peripheral part of a C without completely eating it. The 
same symbol without parenthesis indicates that the rat com- 
pleted the eating of the grain. 

The results show a uniform and unmistakable preference in 
the order k B p. Not only are the three rats strikingly similar 
in y ven performance but also this uniformity persists from day 
to day. 

Observation showed that chance factors play some part in 
determining the order of eating. The hungry rat did not hesi- 
tate and deliberate in the matter of eating. He appeared to run 
headlong at the grains or into them and to eat first the grain 
that first came under his nose. Such contact with the grains was 


apt to scatter them in an unpredictable manner; twice a grain of 
B was lost to the rat. When we remember that there was a good 
deal of exploring and other irrelevant behavior and, further, 
that the angle of approach to the food was by no means con- 
stant the above results are rather remarkable for their uni- 
formity. 


EXPERIMENT II 


Preference between wheat and oats. The feeding-plate (P, 
Fig. 1) was moved from the center of the table to the position 
indicated. In the preceding experiment the rats frequently 
carried the grains from the center to this corner, and we thought 
that by moving the feeding-plate observation could be confined 
to a single part of the table. The surface of the table was il- 
luminated by a 100-watt lamp (L) located on the ceiling 14% m. 
from the feeding-plate. 

In order to control the line of approach to the feeding-plate a heavy 
screen (S), 50 x 50 cm., was placed as indicated to the right of the feeding- 
plate. The rat was always placed on the table at the point (R). At first 
there was much exploration around the edges and corners of the table, 
climbing of the partition, and other irrelevant behavior; but with habitua- 
tion these activities became less frequent until finally the hungry rat 
would run directly from R to P over a course indicated by the broken line. 
The experimenter at E could readily observe the behavior of the rat when 
approaching and eating the grains. 
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Rat Y: kkBBBppp 
kkBB(p)Bppp 
kk BB pp (p) (one B lost to rat) 
kkBB(p)Bppp 

Rat Z: kkBBBpp(p) 
kkBBBppp 
kk BB pp p B (final B lost, found later) 
kkBBBppp 
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Preliminary experiments, for purposes of habituation, were made with 
corn and barley. Incidentally the observations confirm the previous ex- 
periment. 

The general procedure was to place the rat at the point R and to ob- 
serve until he had eaten the grains. The rat was then transferred to an- 
other table. The plate was cleaned and grains arranged for the second 
test, etc. In the present experiment grains were presented two at a time— 
a grain of wheat (W) at the right and a grain of oats (O) at the left, and on 
the next trial W at the left and O at the right. The grains were arranged in 
the center of the feeding-plate to the right and left of the experimenter 
(not to the right and left of the rat). The W and O were placed side by side 
so that the two grains actually touched each other. 


O 


L 


Fia. 1 


After 2 days for habituation the series summarized in Table I 
were taken. Each rat made 1o discriminations per day for 3 
successive days. The columns on the left show the spatial ar- 
rangement of the grains with respect to the experimenter; right 
and left were alternated throughout the series. Both grains 
were always completely eaten; the table has been simplified 
by recording in every case the first grain eaten. 

To interpret Table I the reader should follow down the 
columns of a particular rat for the 3 successive days. Rat X on 
the first day ate W prior to Oin 7 out of rotrials;on the second day 
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he ate W first 8 out of ro trials; on the third day W was first eaten 
in every trial. The increase of frequency in favor of W is in- 
teresting. When O was the first grain eaten the O was situated 
at the experimenter’s right. Rat Y quite regularly ate first the 
grain on the right. In the 30 trials there are but 3 exceptions 
to the rule and these exceptions favor W as against O. The 
results for rat Z are puzzling. On the first day O was first eaten 
6 out of ro trials.‘ On the second day W was taken first in every 
case. On the third day Z took first the grain at the right in 
every case but one. 


TABLE I 
RELATIVE PREFERENCE FOR WHEAT AND Oats 


First grain eaten 
Presented 


Day I Day 2 
Left Right 


O 
W 


WwW 


| Trial 


4040 


* 


Z 
wr 
Ww 
w* 
Ww 
W 
WwW 
WwW 


w* 
W 


these cases the rat picked up O, dropped it, then ate W and afterwards returned 


Z 
W 
O 
O 
O 
WwW 
WwW 
O 
O 
WwW 


O 
W 
O 
Ww 
O 
WwW 
O 
W 
O 


COO ON AUP N 


On the day following the experiments which are recorded in 
Table I a test was made with a series of 25 trials per rat. These 
additional data are similar in every respect to those presented 
in Table I. Taking all the results together, there is clearly a 
tendency to eat first the grain at the right: 


Rat 
Grain first eaten Y Z Totals 
Right 37 50 42 129 
Left 18 5 13 36 
Observation of the rat’s behavior indicated that in approaching 
the feeding-plate the grain at the right was generally encoun- 


tered before the grain at the left and, further, that there 
was a marked tendency to eat first the grain first met. It 


‘On this day the rat explored a good deal and approached the feeding-plate from various 
angles; it is doubtful whether Z’s data on this day indicate any preference at all. Later 
experiments indicate that with Z the size of the grain is a determining factor and in the 
present case O is the larger grain. 


Day 3 
x 
w* 
w wW 
Ww O 
WwW WwW 
w* 
WwW WwW 
w* 
| WwW 
w* 
| | | Ww w 
to O. 
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should be noted that, owing to irregularity in the rat’s ap- 
proach and to exploration, the grain at the left was sometimes 
encountered before the grain at the right, and for this reason 
the above figures are not an exact index of the tendency to eat 
first the first grain found. 

When a hungry rat finds a grain and eats it the performance 
has no relation to preference in the true sense of the word. To 
say that the rat prefers the grain at the right is meaningless 
since from the rat’s standpoint the grain at the left may be 
practically non-existent. The performance is a function of one 
grain and not of two. The hungry rat explores, finds food and 
eats what is first found. There is no preferential discrimina- 
tion. 

But the distribution in Table I does indicate very definitely 
a preference of W to O. Of greatest significance are those cases 
marked with an asterisk. In 12 of these 13 cases the rat ap- 
proached the grain normally, met the O at the right, picked it up 
as if to eat, but then dropped the grain, took up the W and ate 
it. After W had been eaten the rejected O was again taken and 
this time completely eaten. These cases are definite exceptions 
to the rule ‘first found, first eaten.’ In 13 out of 90 trials O was 
actively rejected until W had been eaten, and there is not a 
single case in which W was rejected to eat O! 

The true preference of W to O is further shown by those 
series in which W was first eaten in every trial. See rat Z, day 
2; and rat X, day 3. The consistent eating of W prior to O for 
an entire series, regardless of the spatial position of the grains, 
may be taken as a mark of preference. 

Preference of W to O may be shown by a count of the num- ~ 
ber of times each grain was first eaten. Such a count gives the 
following: 


Rat 
First eaten x ¥ Z Totals 


Oats fe) 25 25 60 
Wheat 45 30 30 105 


On mere chance the frequencies for O and W would be equal. 
The departure from equality may be regarded as a rough index 
of preference. From this standpoint all of the rats prefer W to 
O, but the preference is more apparent in X than in Y and Z. 
A statistical count tends to cover up the fact that the rats some- 
times make preferential discriminations and sometimes express 
no preference at all. 
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EXPERIMENT ITT 

Factor of space. In the preceding experiment the path taken 
by the animal in approaching the food (Fig. 1) favored the dis- 
covery of the grain at the right prior to that at the left. Since a 
rat tends to eat immediately the first grain found, it is clear 
that the grain at the right will be eaten more frequently than 
the grain at the left. The so-called ‘space error’ is well known 
in experiments upon sensory discrimination.® 

The apparatus diagramed in Fig. 2 was designed to eliminate 
the ‘space error.’ 


E 
Fia. 2 


One corner of the table was isolated by means of screens (S) arranged 
to cut off direct light and to limit the amount of possible exploration. 
Within this area a funnel-shaped cage was built. The cage was made of 
two boards (B), 14 cm. high and 44 cm. long, permanently closed at the 
large end by a similar board, 18 cm. in length. The small end of the cage 
was an opening 3.5 cm. wide, just wide enough to let the rat pass in and 
out, and this end could be opened and closed by means of a board (D) 
which served as a door. The entire floor of the apparatus was covered 
with a thick white card. Upon this card and precisely in the central axis 
of the cage a line (L) was drawn extending 20 cm. to the front of the door. 
At a point 17 cm. in front of the narrow opening this line was crossed 
by a short perpendicular line. Grains were placed in positions determined 
by the intersection of these lines (G). The grains were thus placed di- 
rectly in front of the door, at a constant distance from the exit, and to the 
rat’s (not the experimenter ’s) right and left. The cage was covered with 
glass to aid observation of the rat when inside. 


5If the sensory discrimination methods be compared with the present one, there is an 
outstanding difference. The aim of the former is to train an animal to make a particular 
ination; rewards and punishments are used. The aim of the present method is to 
discover the natural inclinations and disinclinations, the cravings and aversions of an animal 
quite apart from training. 
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The experimental procedure was as follows. The rat was first placed 
in the cage (sometimes he went in of his own accord) and the door was put 
in place. The card was then cleaned of debris and the two grains were 
placed to the right and left of the central line immediately behind the 
cross-line. The grains were touching each other. The door was then 
quickly removed and the observation commenced. 

At first it was necessary to let the rat explore and become thoroughly 
habituated to the apparatus. Preliminary trials were made for habituation. 
When the experiment was under way the rat would come through the nar- 
row door and directly forward to the grain. The experimenter observed 
and recorded the rat’s behavior with respect to the grain. 


II 


RELATIVE PREFERENCE OF WHEAT AND OaTs 


First grain eaten 
Presented — 


Da Day 2 


Right 


I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 


444445 


The main experiment was made with wheat (W) and oats (O). There 
were 25 trials per day per rat for three successive days. The results are 
presented in Table II. The terms ‘right’ and ‘left,’ as above noted, refer 
to the rat’s right and left and not to the experimenter’s right and left as in 
Experiment II. 

The table reveals an unmistakable preference of W toO. On 
day 2 rat X ate W first in every one of the 25 trials and on day 3 
he ate W first in every trial but one! The preference is not so 
pronounced with Y and Z as in the case of X, but both Y and Z 
have long series of successive trials in which W was regularly 


q 

3 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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eaten before O. Consider, for example, Y, day 1, trials 10-20; 
day 2, 3-16 and 18-25; and for Z consider day 2, trials 17-24; 
day 3, 1-8 and 18-24. 

A comparison of the present experiment with Experiment II 
is instructive. In both experiments the results agree in ex- 
pressing a uniform preference of W to O and in both experi- 
ments this preference is more clearly expressed by X than by Y 
and Z. A count of frequencies gives the following result: 


Rat 
First eaten xX ¥ Z Totals 


Oats 8 14 23 45 
Wheat 67 61 52 180 


In other terms W was preferred in 80% of the total cases and 
in Experiment II, W was preferred in 63.7% of the total cases. 
In considering these percentages it should be remembered that 
mere chance would give 50%. It is likely that the change of 
apparatus, rather than any change in the rats themselves, is 
responsible for the above increase of percentage. 

One other comparison between Experiments II and III is 
interesting. In Table I certain trials are marked with an as- 
terisk to indicate that the rat picked up O as if to eat the grain 
and then rejected it, eating firsts W and then O. In Table II 
these cases are not indicated. Rat X did this once or twice but 
with Y and Z there is no mention of this type of behavior in the 
record. Probably this relative lack of positive rejection is one 
result of the elimination of the pronounced space factor which 
was present in Experiment II. 

There were cases in which O was touched by the nose but 
immediately passed over and left until W had been eaten. This 
is perhaps a form of passive rejection. Several times both 
grains were picked up together and it was difficult to observe 
what happened; apparently sometimes O and sometimes W was 
first eaten in these cases. When this occurred the observation 
was repeated at the close of the series. 

The relative preference for W is shown by long series of 
successive trials in which W was first eaten regardless of the 
position of the grain. Such series are lacking for O; the Os 
occur sporadically. There are only two cases (X, day 1, 24-25; 
Z, day 1, 21-22) in which two Os occur successively. 

An examination of the series in Table II shows that ‘prefer- 
ence’ for W and O may alternate on successive trials. This is 
especially marked with rat Z and present to a less extent with 
rats Y and X. Such alternations very strongly suggest that 
despite the apparatus some spatial principle of selection is 
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involved. A careful study of the data, however, shows that the 
rats do not consistently take either the grain at the left or the 
grain at the right. Rat Z, for example, on day 2 takes first the 
grain on the right for trials 1 to 13; but on day 3 this same rat 
takes the grain on the left with equal consistency for trials 8 to 
18. It looks as if there were a temporary set of conditions 
favoring the right or the left. There is no evidence for a per- 
manent ‘space error.’ 

To account for this temporary ‘space error’ is another mat- 
ter. I observed that rat Z sometimes turned his head to the 
right on leaving the cage and approached the food with a head 
movement swinging towards the left which favored the grain 
at the right. A temporary habituation to some particular 
manner of approach would account for the results. Possibly 
visual stimulation played some part in determining the ap- 
proach? The screen to the right was black and the wall to the 
left was relatively much lighter. Possibly the presence of the 
experimenter on the rat’s left was a determining condition? Pos- 
sibly the explanation of the temporary ‘space error’ lies wholly 
within the organism? 

The experiment may be summed up by the statement that 
a reduction of the ‘space error’ brings to clearer light the con- 
sistent and uniform preference of W to O 


EXPERIMENT IV 

Size of grain as a condition of preferential discrimination. In the fore- 
going experiments the grains were of approximately uniform size; un- 
usually small and unusually large grains were rejected. To determine 
whether size of grain is a significant condition of preferential discrimination 
the largest and smallest grains of wheat and oats were selected and re 
sented under the conditions of Experiment III. The large grains of W 
were approximately 6 mm. long by 3 mm. broad; small W were 4.5 to 5 
mm. long by about 1.5 mm. broad. Large oats were 12 to 13 mm. long 
by 2 to 3 mm. broad; small oats were 8 to 9 mm. by 1.5 to 2 mm. broad. 
To accentuate the factor of size large W and small O were presented to- 
gether; and then small W were presented with large O. 

The plan of the experiment is indicated by the following summary: 


Trials 1-6 Trials 7-19 Trials 20-25 
First day Large W and Small W and Large W and 

small O large O small O 
Second day Small W and Large W and Small W and 

large O small O large O 


There were thus 25 comparisons of large W with small O and 25 com- 
parisons of small W with large O. The following summary gives the num- 
ber of times out of 25 that wheat was eaten prior to oats: 


Grain x 


Large W and small O 24 
Small W and large O 19 


20 9 
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The data for X and Y indicate that size of om makes very little dif- 
ference in the result. The preference of W to O persists regardless of the 
relative size of the grains, so far as the present data go. The case of Z 
needs special comment. 

At first sight it looks as though Z ‘prefers’ the larger grain. On the 
first day he showed a distinct tendency to take first the aur O. Trials j 
to 19 on this day give the following ‘preferences: OWOOOOOOOW 
OO. Unfortunately the behavior of Z at this time was distinctly abnor- 
mal. Laboratory notes on this day record the following: “‘Z is unusually 
fearful and cautious to-day; he is sluggish in coming out of the cage to the 
feeding-plate. When he does approach the grain he stretches slowly for- 
ward towards the feeding-plate keeping his hind legs and tail inside the 
cage. Then with a quick dart he snatches up a grain, draws back into the 
cage and eats it. en Z is outside the cage he is unusually restless, ex- 
plores a good deal and once attempted to bite the experimenter.” Since 
this was the only day of the experiment on which Z acted in an unusual 
manner, we may conclude that there was probably some abnormal physio- 
logical condition. Z was apparently less discriminative than normal and 
more apt to eat first the grain which first came under his nose, i:e. the 
larger grain. It will be recalled that in Experiment II, Z did not show 
a very marked preference of W to O (see Table I, rat Z, day 1). With Z 
the size of the grain is probably a factor which may determine the order 
of eating the grains. The order of eating does not always indicate that the 
rat is making a preferential discrimination. 

The uniform preference of W to O, which was found in Experiments 
II and III, is a preference for the smaller of two grains. This result sug- 
gests that the preferential discrimination rests upon some factor other than 
size. The basis is probably olfactory. 

With X the size of grain may possibly be a significant condition of the 
order of eating, but the figures are not convincing.’ If size were an un- 
mistakable condition of preference, this could still be explained on an ol- 
factory basis. The large grains of W probably gave more intensive ol- 
factory stimulation than the small since the latter were sometimes dried 
and wrinkled. 

In general, we may conclude that the preference of W to O is relatively 
independent of the size of grain. There is evidence that the size of grain 
may determine the order of eating in a ye mechanical, non-preferential 
manner, and this is more noticeable with Z than with X and Y. 


EXPERIMENT V 

Condition of grain in relation to preference. The apparatus diagramed 
in Fig. 2 presented one difficulty: the rat of his own accord would not go 
quickly into the Sp but would frequently stay outside to explore. This 
necessitated a good deal of handling of the animal and loss of time. Put- 
ting the rat inside occasionally met with resistance from the animal. Con- 
sequently a new apparatus was built to eliminate the constant handling of 
the animals and to cut down the possibility of exploration. 

A triangular cage, Fig. 3, 36 cm. at the base and 58 cm. from tip to 
base, was provided with a floor of stiff white card-board. The walls of the 
cage were 14 cm. high. Near the apex a partition (P) divided the cage 
into two compartments, a large one for the rat and a small one for the food. 
The partition could be raised or dropped thus permitting the rat to enter 
the food compartment or confining him within the other compartment. 
The top of the cage behind this partition was covered with glass through 


6Gotz ae that hens have a men to peck at the larger grains. W. Gétz, Experi- 
tall, + 


zum Problem der Sehgréssenkonstanz beim Haushuhn, Zsch. f. 


Psychol., 99, 1926,247-260. 
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which the behavior of the rat could be observed. The grains were placed 
in the small end to the right and left of a line bisecting the angle at the 
apex. A perpendicular cross-line, 7 cm. from the tip, indicated a constant 
position for the grains. To facilitate cleaning and arranging the grains 
part of one side (B) was removable. The base (A) was also removable so 
that the rat could be introduced at the large end. The cage was placed 
with its tip away from the light to provide equal illumination for the right 
and left sides. 


Fig. 3 


In an actual experiment the procedure was as follows: The partition 
(P) was closed and the rat introduced by removing the base (A) which was 
then firmly fastened with the rat inside. The wall (B) was removed, the 
floor cleaned and the two grains arranged. The grains were placed to the 
right and left of the central line, back of the perpendicular cross-line; the 
grains touched each other. After the grains had been arranged the wall 
board (B) was slid back into place. The partition (P) was then raised and 
the observation commenced. The rat approached the grain at the apex; 
his performance was observed and recorded. Sometimes the rat at- 
tempted to climb out at the narrow end and in this case he was always 
knocked back. When the rat withdrew from the narrow end of the cage 
the partition was dropped and the grains arranged for the next experiment. 


Problem. A grain of wheat is taken up by the rat and eaten without 
any preparation but the case is different with a grain of oats. The rat 
holds the oat in his paws, removes the outer husk and eats only the inside 
kernel, leaving the husk to be cleared away by the experimenter. Eating 
an oat, therefore, involves a certain amount of preparatory activity which 
is absent with wheat. Does this necessity of preparing the grain prior to 
eating have any relation to the preferential order of wheat to oat? 

To test the matter two kinds of oats were used: (1) prepared oats (P) 
in which the outer husk had been carefully removed with a knife; and (2) 
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unprepared, normal oats (O) of the type used in previous experiments. 
P was smaller than O and to the human eye had a totally different ap- 
pearance. 

Prior to the main experiment an habituation series of 10 trials was given 
with wheat and oats. Incidentally, the preliminary trials confirm the 
previous experiments with W and O. The main experiment was com- 
menced on the following day. 

The plan of the experiment is indicated by the following summary: 


Day Trials 1-6 Trials 7-19 Trials 20-25 
First W and O W and P W and O 
Second W and P W and O W and P 


There were thus 25 comparisons of W with O and 25 comparisons of 
W with P. The following summary gives the number of times out of 25 
that O was first eaten and that P was first eaten: 


Rat 
First eaten xX = Totals 


Normal Oats 2 4 5 II 
Prepared Oats 7 9 6 22 


These figures indicate that the prepared oat is slightly preferred to the 
unprepared oat. The figures also indicate that the preference of W to O 
persists regardless of the condition of the O. 


TABLE III 


ConpiITION OF GRAIN AS A DETERMINANT OF PREFERENCE 


| First grain eaten 
D 


Presented 


Day 2 


Left Right 


COO ON AUS 
& 
| 


On the two days following the above experiment, series of 10 trials were 
taken in which P and O were presented simultaneously. The results are 
pane in Table III. Rat X shows a distinct preference of PtoO. Rat 

prefers P to O on day 1, but on day 2 the outcome is ambiguous. This 
result reinforces the above. 

Once again the results for Z are posing. Z appears to favor O to P! 


It will be recalled (Experiment IV) that the factor of size is relatively more 
important for Z than for X and Y. Possibly mere size as given visually or 
mechanically is a determinant of the order of eating? And in this case it 
is a question as to whether the term ‘preference’ is applicable. 
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With X and Y size of grain is not important. The prepared oat is 
smaller than the unprepared. Possibly the basis of discrimination is ol- 
factory, and removal of the husk brings more intense and definite olfactory 
stimulation. 

In general, we may conclude that the preference of W to O is relatively 
independent of condition of the O—whether husked or unhusked. The 
experiment presents evidence that P is preferred to O; and that with one 
rat (Z) size of O may possibly be a prior condition of eating. 


EXPERIMENT VI 


The serial principle. The serial principle may be stated as 
follows: if A is preferred to B, and if B is preferred to C, then 
(if the serial principle is valid) A will be preferred to C. This 
principle sounds very simple but its validity may not be as- 
sumed without a test. 

Experiment I revealed a preference which was expressed 
symbolically as k Bp. The other experiments revealed a 
second sequence: W O. What is the relation between these two 
series? Is the principle of serial order valid? In order to 
answer these questions it was necessary to make cross-com- 
parisons between corn and wheat and between barley and oats. 


(A) Preference between corn and wheat. Table IV presents the results 
of the rat’s preferences between corn and wheat. The symbol (C) indi- 
cates that the kernel (k) of the corn—and in a few cases the entire grain— 
was eaten prior to the wheat (W). Whenever possible the peripheral part 
of the corn was removed by the experimenter to save time and to avoid 
over-feeding. The symbol (W) indicates that the grain of wheat was com- 
pletely eaten before the corn was touched. 

Rat X prefers W to C; the preference is not certainly expressed on day 1 
but is clearly established on days 2 and 3. Similarly the outcome for Y is 
uncertain on day 1, whereas days 2 and 3 express an unmistakable pref- 
erence for W. . 

Once again the performance of Z needs special discussion. On day 1 
there is a ‘preference’ for C—the larger grain—to W. On day 2 there isa 
decided swing towards W. On day 3 no preference at all is shown—the 
grain at the left being taken in every trial. (See footnote 8). 

The results for all three of the rats suggest that a preference for W ma 
be developing. Possibly at the start there is little preference but with 
repetition the rat becomes habituated to a certain preferential order. It 
is to be regretted that the grain supply gave out after 50 trials and that the 
matter could not be decided. A new supply of grain might not be compar- 
able with the old. 

The experiment shows a decided tendency for the rat to take first the 
grain at the left. Of the 150 trials recorded in Table IV the left grain 
was taken first 104 times and the right grain 46 times. Observation gave 
the explanation of this tendency. When the partition (P in Fig. 3) was 
raised the rat usually approached the food along the wall on his right. 
Since the grains were placed well towards the tip of the triangle it hap- 
— —_ this type of approach brought the rat’s nose first to the grain 
at the left. 

Why the three rats approached along the wall to their right is another 
problem. Possibly there was a small difference in illumination. Possibly 
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the presence of the experimenter near the left wall was a factor. Possibly 
a factor within the rats (corresponding to right-handedness in man) may 
account for the result. 
We are well aware of the general rule ‘first found, first eaten.’ The 
resent apparatus favors the position at the rat’s left and it is therefore a 
ailure. The arrangement shown in Fig. 2 is better than that shown in 


Fig. 3. 

This rule ‘first found, first eaten,’ explains the performances of Z, if we 
assume that the larger grain is apt to be discovered before the smaller on 
purely mechanical grounds. 

In general, X and Y clearly prefer W toC. With Z the case is ambigu- 
ous and the ambiguity rests in part upon Z’s tendency to take first the 
larger grain, and in part upon a ‘space factor’ introduced by the apparatus. 


TABLE IV 


RELATIVE PREFERENCE OF CORN AND WHEAT 


First grain eaten 
Presented 


Day 1 Day 2 


Left Right 


Cc 
W 


agagagosog|N 


I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
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C 
W 
C 


(B) Preference between barley and oats. We decided not to change the 
apparatus in the middle of the experiment and so continued for four suc- 
cessive days, substituting barley (B) and oats (O) for corn and wheat. 
_ were 65 trials per rat (10 on day I, 25 on day 2, 15 on day 3, 15 on 

ay 4.). 

Rat X revealed a distinct preference of B toO. Rats Y and Z showed 
no clear-cut preference although the frequency of O is slightly greater than 
that of B. A count of frequencies gives the following: 


Rat 
First eaten x Y Z Totals 


Barley 45 31 30 106 
Oats 20 34 35 89 


| —_—— | Day 3 
Y | 
W WwW 
Ww C C 
C WwW C 
Ww C WwW 
C WwW Cc 
WwW C Ww 
C WwW C | 
Ww Cc Ww 
WwW C 
Ww Cc WwW 
12 C WwW Ww 
13 Ww Cc WwW 
14 Cc WwW C 
15 WwW C WwW 
16 C W C 
17 WwW C Ww 
18 WwW ii Cc 
19 C WwW 
20 | W C 
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The results for Y show a curious wavering between B and O which is 
only in part dependent upon the spatial arrangement of the grains. For 
example, on day 2 the series of grains presented at the left was BO BOBO 
. . .and the first graineatenwasBOBOOBOOOOOOBBOOOO 
BB BBOBB. This type of variation may indicate approximate equality 
as regards preference between B and O. 

The factor of space may be indicated as follows: 


Rat 

Grain first eaten X Y Z Totals 

Left 37 45 58 140 

Right 28 20 7 55 

In general, X shows preference of B to O; the results from Y and Z are 

ambiguous. The ambiguity rests upon inability to distinguish between 
(1) equality of preference (2) failure to make preferential discrimination. 
A ‘space error’ exists. 


(C) Test of the serial principle. Bringing together the re- 
sults of previous experiments we have the following summary: 


Experiment 


I 
VI-A 
VI-B 


Row (1) summarizes the result of Experiment I. All of the 
rats perferred k to B; this preference was unambiguous in every 
case. Row (2) summarizes the result of Experiments II and ITI. 
Here again the three rats agree. All of the rats preferred W to O, 
but they differed in the degree to which they showed this 
preference. The preference was most pronounced with X, less 
marked with Y, and still less with Z. In rows (3) and (4) cer-. 
tain pairs are enclosed in parentheses. This is to indicate some 
uncertainty—either approximate equality of preference or fail- 
ure to make preferential discriminations. Very probably these 
uncertainties depend upon the inadequate type of apparatus 
used in Experiment VI together with a small number of trials, 
and I believe that further experiments under better conditions 
would bring about uniformity. 


Row (5) shows that for every rat the data can be combined 
into a single series so that every preferential sequence is valid. 
The serial principle appears to hold. It would be safe to add 
the term (p) at the lower end of every preferential series, thus 
giving a series of five terms. 

The results all indicate that W and k are preferred to O and 
B but in the case of Y and Z there is uncertainty about the order 
of W and k, and about the order of O and B. 


x Y | 

(1) k>B k>B k>B 

(2) Ww>O Ww>o W>OoO 

(3) W>k W >k (k > W) 

(4) B>O (O > B) (O>B) 
Hence: 
(5) W>k>B>O W>k>(O>B) (k>W)>(O>B) 
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On the basis of the above results it was predicted that a 
comparison of wheat and barley would reveal a uniform prefer- 
ence for wheat. The matter was then tested experimentally. 
Table V records the result. 


TABLE V 


RELATIVE PREFERENCE OF WHEAT AND BARLEY 


Presented First eaten Presented First eaten 
Left Right Left Right 


© ON AUP WN 


*Rat Z picked up both grains together, dropped B and ate first W and later B. 


There is no doubt about the fact that W is distinctly pre- 
ferred to B. A count gives the following summary: 


Rat 
First eaten Z Totals 


Wheat 68 
Barley 22 


The possibility of prediction indicates that we are dealing in the 
present experiment with a genuine series of preferences. 


DISCUSSION 


The Criteria of Preference. One fact stands out clearly in 
the above experiments: the rat frequently fails to express any 
preference. He may consistently eat the grain at the right or 
the grain at the left; or he may eat the first grain he happens to 
meet. The hungry rat does not hesitate ;’? when he meets a food 
object he generally eats it without delay. The rule seems to be 
‘first found, first eaten.’ 


'Three times for Y and twice for Z the writer observed a back-and-forth head move- 
ment from grain to grain prior to taking either which might be called ‘hesitation.’ This ty 
of behavior is exceedingly rare since it was observed only five times in well over 1000 o 
servations. 


I 
I 
I 
I 
I 
I 
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Now the order in which the grains are found by the rat de- 
pends upon the apparatus. One type of apparatus may favor 
the discovery of the grain at the left prior to that at the right; 
another type of apparatus might give the reverse favoring. 

The larger of two grains is apt to be first found and first 
eaten. The larger of two grains is the more obvious—mechani- 
cally, visually, and possibly also to the nose. Size of grain 
plays an important part in the performances of Z, but the factor 
of size is less important with Y and X. 

When spatial factors determine the order of eating two grains 
it is not possible to speak of true preferential discrimination. 
This type of performance is determined by one grain at a time 
and not by two simultaneously. It is as if one placed a series 
of grains a meter apart and then found that the rat ate them in 
the order met! 

Alternation of the positions of grains on successive trials 
is an essential part of the methodology. This plan makes it 
possible to distinguish between true preferential discrimination 
and its absence. A long series of alternations in which the rat 
consistently takes first the grain at the right (or at the left) is 
pretty good evidence that the data express no preferential dis- 
crimination. 

It is important to distinguish between series which express 
no preference and series which show equality of preference (see 
Experiment VI-B). A gross count may fail to make the dis- 
tinction. Compare, for example, the two following series: 


ABABABABAB 
(2:) AAAAABBBBB 


Both series have 5 As and 5 Bs; but the first probably indicates 
a failure to express preference whereas the second may well 
express equality of preference. 

How then is true preference shown? In the above experi- 
ments the following criteria have been used: 

(1) Rejection of one grain for another. With W and O, for 
example, there were cases (Table I) in which the animal first 
found O and picked it up as if to eat; he then dropped O and ate 
W;; after this he again took O and ate it completely. This was 
also observed with C and B. The normal performance was to 
pick up the C and eat the kernel, then to drop the grain and eat 
the B, then to eat the peripheral portions of the C. These re- 
jections were always in the same direction: O was rejected to eat 
W and never the reverse; p was rejected to eat B and never the 
reverse. The three rats were consistent and uniform in their re- 
jections in so far as rejections occurred. 

(2) Passing by of one grain for another. In numerous cases 
O was knocked aside, touched with the nose, smelled, but not 
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eaten until after W. This is perhaps a passive form of rejection. 
The rule ‘first found, first eaten’ breaks down completely for 
the grain which is first found is definitely passed by and the 
more remote grain is first eaten. 

(3) Desertion of partly eaten grain. In Experiment I the 
rats frequently left p uneaten to explore, sniff, listen, scratch, 
preen, etc. This was not noticed with k and B. The rats were 
easily distracted during the eating of p. This may be taken as 
an indication of relative ‘dislike’ for p. 

(4) Consistent eating of one grain prior to another for a series 
of trials. Despite the right-left aiternations in the position of 
two grains a rat will sometimes consistently eat one kind of 
grain first. Rat X, for example, ate W prior to O in 49 out of 
50 successive trials (Table II). This is perhaps the most re- 
liable criterion of preference and it goes directly against the 
principle of ‘first found, first eaten.’ 

(5) Uniformity of preference. Preferences are constant 
in direction from day to day and further the group as a whole are 
uniform in their relative preferences. These uniformities can 
not be explained as the working of chance factors. When uni- 
formity is lacking® it is likely that further experiments would 
reveal the grounds for divergence. 

The first three of the above criteria may be applied to the 
single experimental test, but rejection, passing by, and desertion 
of grain are only occasionally observed so these three criteria 
are not very serviceable. The last two criteria depend upon the 
series of tests as a whole and are the most reliable means of de- 
termining the direction of preference and of distinguishing pref- 
erence from failure to express preference. 

It is scarcely necessary to add that all of these criteria of 
preference point in the same direction. They would all agree, 
for example, in indicating a preference of W to O. 

Apparatus requirements. In an ideal apparatus every factor tending to 
influence the animal’s finding of the right prior to the left food object, or 
vice versa, would be eliminated or balanced. Elimination of the ‘space 
error’ is a most important consideration. The apparatus diagramed in 
Fig. 2 proved best in this respect and the apparatus diagramed in Fig. 3 
was unsatisfactory. In the latter the rats approached the food along a wall 
and this favored the grain at the left. The food should be in the open and 
ee should be an open one. Observation is also easier with open 
eedin 

The apparatus in Fig. 3 had some advantages over that shown in Fig. 2. 
The former eliminated the necessity of constantly handling the animals 
and reduced the possibility of exploration to a minimum thus saving time. 


8The data of Z (Table IV), for example, apparently show two tendencies. A tendency to 
take the larger, more obvious grain is opposed to what might be called the natural prefer- 
ence. In the comparison of C and B (Experiment I) size and natural preference operated 
in the same direction; but in the comparison of C and W these factors were poakaliy op- 
posed and consequently Z’s performance reveals two incompatible tendencies. 
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An ideal apparatus should make it possible to control the approach and 
exit of the rat to the feeding-plate without constant handling of the animal. 
Also the possibility for exploration should be reduced to a minimum. 

Fig. 4 suggests a type of apparatus designed to correct the faults of 
those used in the present experiments. 

An open, circular feeding-plate (P), about 30 cm. in diam., is supported 
from beneath at a convenient height from the floor. If supported from the 
center the rats will not climb down. The food is placed in the center of the 
plate in slight indentations permanently provided for this purpose, or at 
marked positions. Ideally the two food objects should be of equal size and 


E 
FIGURE 4 


area. When bulky foods are used I would suggest placing the material in a 
hollow tube a few mm. in diameter. Two such tubes could be easily 
mounted in the center of the feeding-plate in such a way that simple rota- 
tion on a common shaft would reverse right and left positions. 

A strip (A), about 2 cm. in width, serves as an approach to the plate 
and a similar strip (B) serves as an exit. Two gates (G) regulate the ap- 
proach and exit of the rat to the feeding-plate. These gates could be op- 
erated by the experimenter at (E) by a simple mechanical device. A 
frame (F’) makes it possible for the rat to go from exit to approach and pro- 
vides very little opportunity for exploration. Possibly this pathway could 
be made to pass directly under the feeding-plate. A single pathway to the 
right might bias the rat’s approach. 

To the right and left of the feeding-plate are two neutral gray screens 
(S) equally but not too brightly illuminated. The purpose of these screens 
is to give optical balance to the visual field and so to avoid possible head 
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and body movements towards the right or left. A similar screen (S’) is 
placed between the rat and the experimenter at a height which does not 
interfere with observation, so as to give the rat a uniform visual field. 

Since the position of the experimenter may possibly be a factor de- 
termining the rat’s movements to the right or left, it is suggested that the 
experimenter be located directly in front of the approaching rat at E. 
Incidentally, this position would be best for observation. 

With an apparatus such as this, any ‘space error’ would probably be 
due to conditions inside the rat himself. 


Conditions of preference. It is important, as we have seen, 
to distinguish between true preference and non-preference. 
The former depends upon two groups of conditions; those out- 
side and those inside the organism. 

The character of the food substances is an essential condition 
of preference. We have assumed that our grain supply was con- 
stant throughout the experiments, but we do not assume that 
the result is valid for all W, all O, all B, all C. The age and 
variety of grain, the amount of moisture it contains, the char- 
acter of the surface, etc. may well be factors determining pref- 
erence. 

The physiological conditions may be conveniently regarded 
as neural (including peripheral and central conditions) and 
chemical. The sensory basis of discrimination in the present 
case is probably olfactory. In non-preferential behavior it is 
likely that visual and tactual stimulation plays an important 
part. 

When we consider the physiological conditions of preference 
from a broad chemical point of view, a whole world of problems 
lies open before us, and we realize the need and the possibility 
of an exact, quantitative, objective science of psycho-chemistry. 

Some physiological questions which could be studied by the 
above methods are: How do food preferences vary with the de- 
gree of hunger? How does a specific deficiency in the diet affect 
food preferences? Does a specific deficiency create a specific 
craving? How, for example, does salt hunger vary with the 
amount of salt in the diet?® Do special hungers appear in dis- 
ease, during pregnancy, nursing, various phases of the sex 
cycle? How do preferences vary when this or that ductless 
gland is removed, when this or that drug is injected? Does the 
preference for foods adapt itself to the available food supply? 
Do animals learn to prefer this or that food to others when con- 
sistently fed with it over a long period of time? How do prefer- 
ences vary with age? How do preferences vary with the tem- 


*See the discussion in J. L. Mursell, Contributions to the psychology of nutrition; I. 
Hunger and appetite, Psychol. Rev., 32, 1925, 320 f. See also a paper by Green in which it 
is reported that phosphors ¢ deficiency i in the diet leads cattle in South Africa to the eating 
of bones (osteop: H. H. Green, Perverted appetites, Physiol. Rev., 5, 1925, 336-348. 

10It is common m3. that dogs sometimes eat grass when sick and that grass is not 
a part of the dog’s ordinary diet. 
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perature of the environment?" How do special cravings and 
desires for food develop? These and other questions may be 
answered by application of the methods developed in the above 
experiment. 


Other methods. Osborne and Mendel,” and Mitchell and Mendel,'* 
offered rats and mice a free choice between a deficient and an adequate 
diet and found, in general, that the animals selected that diet which facili- 
tated growth. In some animal-feeding experiments the conditions are so 
arranged that the animal has a free choice between different foods about 
as a human being has in a cafeteria. The weight of each substance eaten 
is determined and the variations of these weights under different conditions 
studied. The method may be valuable for experiments in nutrition but 
from the standpoint of psychology it is rather gross. 

Washburn" refers to the preference method of Graber which was used 
to study sensory discriminations. She writes: ‘This was Graber’s favorite 
mode of studying the effect of stimuli upon animals. Applied to olfactory 
stimuli it consisted in offering a choice between different compartments, 
containing each a different odor. The animal’s power of discrimination 
was argued from the tendency to choose certain odors rather than others. 
Such preferences were shown by insects. The method, however, as was 
noted above, is unsatisfactory, because discrimination might exist where 
preference did not.’’ This method, further, lacks a motive or drive which 
is essential in animal work. 

Simmons" studied the effectiveness of bread-and-milk and sunflower 
seeds as incentives to learning, and found that the former produced 
quicker learning. Possibly we can argue from such a result to ‘preference,’ 
but the method would be too cumbersome for a detailed study of pref- 
erences. 


Objectivity in the study of preferences. The term ‘preference’ 
has not been defined but it has been used in a descriptive sense. 
Preference means that an animal more or less consistently takes 
A before B. The term may be used in the same sense in human 
psychology. 

The question whether the rat feels pleasantness when he eats 
the preferred grain has not been raised. I see no way to answer 
the question and apparently one’s answer makes no difference 
in carrying out an experimental program." 


_ 4It is known that peoples living in the far north eat much fat. If an animal be main- 
tained at a low temperature, does the relative preference for fats develop? 

2T. B. Osborne and L. B. Mendel, The choice between adequate and inadequate diets, 
as made by rats, J. Biol. Chem., 35, 1928, 19-27. 

3H. 8. Mitchell and L. B. Mendel, The choice between adequate and inadequate diet, 
as made by rats and mice, Amer.J. Physiol., 58, 1921, 211-225. See also C.P. Stone, Some 
effects of inanition on animal behavior, Psychol. Bull., 25, 1928, 13-18. 

4M. F. Washburn, The Animal Mind, 1926, 50, 79. 

%*R. Simmons, The relative effectiveness of certain incentives in animal learning, Comp. 
Psychol. Monog., 2, 1924 (No. 7). See also Washburn, op. cit., 323 f., for studies of drive 
in animals. 

sEven in human psychology the judgment of relative preference is ambiguous regarding 
the existence of felt pleasantness and unpleasantness. The problems of preferential 
discrimination and the problems of felt experience have been badly muddled in the so- 
called ‘method of impression.’ M. Yokoyama, The nature of the affective judgment in the 
method of paired comparisons, this JouRNAL, 32, 1921, 357-369. 
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CoNCLUSION 


The present experiment demonstrates that problems of pref- 
erence which have been associated with affective psychology can 
be studied with animal subjects. 

Three male white rats were found to be fairly uniform and 
consistent in their preferences for different kinds of grain. The 
degree in which preference is shown varies from rat to rat. 

It is essential to distinguish between preferential discrimina- 
tion and non-preference. The latter expresses itself in a ten- 
dency to eat first the first food substance encountered which 
may be the grain at the right or the grain at the left varying with 
the type of apparatus. The larger of two grains is apt to be 
eaten before the smaller, and this is especially noticeable with 
rat Z. 

True preference is indicated in several ways and among them 
the following: (a) the consistent eating of one grain prior to 
another regardless of spatial arrangement and regardless of 
relative size; (b) the active or passive rejection of one grain for 
another; (c) abandonment of a (unpreferred) grain for ex- 
ploration or other activity. 

The present experiments show that the serial principle is 
valid. This principle may be stated as follows: If A is preferred 
to B, and if B is preferred to C, then A is preferred to C. 

The aim of the study is methodological. The work shows 
that problems regarding food preference—and possibly also 
problems of like and dislike, aversion and craving—may be 
studied by an objective, quantitative, experimental method. 


VII. Conruict of MOVEMENT IN RELATION TO UNPLEASANT 


In every-day life conflict of impulse is generally an unpleas- 
ant experience, and the more fundamental and permanent con- 
flicts of life are also associated with unpleasantness. When op- 
posed movements are brought into conflict in the laboratory 
does unpleasant feeling occur?'® 

This question was studied by establishing relatively simple 
habit systems and then, without warning to the subjects, by 


17The experiment to be reported was done in the fall of 1920 at the University of Minne- 
sota. Publication has been delayed in the nope of extending the work; but to date nothing 
further has been done with the method. inal results are now ‘presented as a small 
contribution to the methodology of - we... ps. ology 

18According to a theoretical discussion by ey Herrick (An Introduction to Neurology, 
jor6. 257-258), conflict of movement impulses should regularly bring about unpleasant 

ng. 


A previous study by the writer (this JourNAL, 32, 1921, 40 f.) showed that muscular 
strain was associated with unpleasant feeling and ‘muscular relaxation with pleasant feel- 
in. as strain suggests conflict of movement impulses as a possible and occasional 
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bringing these habit systems into simultaneous opposition. 
The plan of the experiment may be illustrated schematicaly 
as follows: 

L—K 


K’e—J,’ 


A forward kick of the foot (K) was associated with the flashing 
of an electric lamp (L); and a backward kick of the foot (K’) 
was associated with the flashing of another electric lamp (L’). 
Both reactions were thoroughly habituated. Then, without any 
warning to the S, L and L’ were flashed simultaneously. 


L3 


FIGURE 5 


Apparatus and Method. The subject (S) sat upon a table so that both 
feet could swing freely. Directly in front of the S at the level of the head 
were four 2-c.p. electric lamps arranged as shown in Fig. 5. 

S was instructed as follows: ‘On the frame before you are four lamps 
which are to be associated with movements of the feet. The lamps to the 
left indicate movement with the left foot and those to the right movement 
with the right foot. The two forward lamps indicate forward movement; 
the two lamps towards the rear indicate backward movement. Thus on 
the chart (S was given a diagram) Li means left foot backward; L2 means 
left a. forward; L3 means right foot forward; L4 means right foot back- 
ward. 


i} 
— 
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“Maintain a passive attitude towards the lights. When a light ap 
extend the foot as far as possible forward or backward and then relax it 
so that it comes to rest in the vertical position.” 

The experimental room was darkened and then dimly illuminated so 
that the signals would appear under constant lighting conditions. 

The direction and extent of foot movement were recorded by means of 
a mechanical device attached to the shoes of the S. The time between 
signal and beginning of movement was automatically recorded on a stop- 
watch. Since the chinstive data reveal nothing of importance they have 
been ignored in the following report. 

There were 4 Ss, two men (A and C) and two women (B and D) all 
connected with the psychology department at the University of Minne- 
sota (1920-21). The Ss were kept in ignorance of the true aim of the 
experiment. ‘They were led to believe that it dealt with the affective 
character of simple movement and to give this impression they were 
occasionally asked to report whether pleasant or unpleasant feelings 
were associated with foot and leg movements. After every critical test 
with conflicting signals an affective report was requested. 

To give an affective setting the Ss were instructed to make affective 
judgments upon odors. There were four judgments prior to the movement 
series and four judgments after. The experiment with odors has been re- 
ported elsewhere.!® It had an aim independent of the present experiment. 

Every S gave 3 experimental periods a week to the work and the total 
work aad a period of 6 weeks. 

Habituation series. Before the critical tests could be made it was 
necessary thoroughly to habituate the Ss to the reactions. Every S was 
given 10 trials per experimental day for a period of three to four weeks. 
The reactions were equally distributed among the four signals. A had 100 
trials; B, 110; C, 100; D, 120. The signals were given without warning and 
in a haphazard order. The Ss more or less passively awaited the lights 
and, at the close of the practice period, responded in a seemingly auto- 
matic manner. 

A moved his foot slowly and rather deliberately and then let it drop back 
to the vertical position. The other 3 Ss moved more quickly and auto- 
matically than A, but they too, let the foot drop back to the vertical. 

Reports show that forward and backward movements of the foot are 
generally indifferent. Three Ss (B, C, D) report that forward movement 
is preferred to backward; A mentions no preference for direction of move- 
ment. At times, however, all of the Ss report weak Ps and Us associated 
with movement. As P, the Ss report that the movement itself was P, the 
freedom of movement was P, a relief from strain was P, the movement was 
automatic (hence P), expectation was satisfied. As U, the Ss report con- 
flict of impulse, indecision, delay of waiting, making the wrong response, 
preparatory tension, blocking. Expectation may be followed by P or U 
according as the expected signal comes or fails. There are a good many 
cases of strain associated with U and of relaxation associated with P, and 
there is no record of a reverse association. 

D proved to be moody. Some days when ‘dead’ and with ‘no pep’ 
practically every movement was reported as U. 


oa series. At the close of the habituation period the Ss were 
responding mechanically to the signals. We determined, therefore, to in- 
troduce the critical tests. Without any warning to the Ss the two following 


19Although the two experiments were independent in aim they went together very nicely. 
The olfactory experiment demanded a pause to offset olfactory adaptation; which pause 
was furnished by the movement series. The present experiment demanded a definite af- 
fective setting, which was given by the work with odors. The olfactory experiment has 
been described in J. Exper. Psychol., 6, 1923, 183. 
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series of lights were used on successive experimental days: (Series 1) 3, 4, I, 
2, (3 and 4), 2,1, (1 and 2), 4,2. (Series 2) 4, 1, (1 and 2), 3, 4, (1 and 2), 
4 G and 4), 2. The critical signals are the double lights (1 and 2) and 
and 4). 
G The entire control apparatus was concealed from the view of the Ss and 
connections had been previously arranged so that by throwing a switch 
two lamps could be lighted simultaneously. 
The results for each of the 4 Ss are presented below. It should be re- 
membered that the Ss were thoroughly habituated to the signals and that 
no warning was given for the double signals. 


Subject A. With the single lights the affective report was of indifference 
except several times active movement was reported as P. No U was re- 
ported with the single lights. 

The reports for the critical, double-light, tests are: ‘“‘An unusual situa- 
tion, slightly U. It was difficult to know how to react. The inhibition was 
U.” “Slightly U, bewildering. I made no movement at all.” ‘The same 
again, bewildering. First I saw light 2 and almost reacted to it; then I saw 
1. This catching of myself has an element of U in it.” ‘No report.” 
“Not the slightest movement. Slightly U.” 

Thus it is clear that with A, conflict was induced by the double signals 
and that the affective report was consistently U. Under conflicting stimu- 
lation the foot showed slight alternating back and forth movements. 


Subject B. The single-light trials in both series were reported as af- 
fectively indifferent. 

The double signals gave the following reports: “There was a moment of 
doubt—whatever that is. Then a certain P experience because it was in 
the nature of a joke. There was a relaxation of the facial muscles in smil- 


ing (S was seen to laugh slightly).” “Absolutely indifferent. I saw two 
lights but there was no tendency to move.” “No movement (S was seen 
to laugh slightly).” “No movement at all; absolutely indifferent. Then 
there was a P because it is like a joke on me. It is as if some one played a 
trick on me and it didn’t work.” “It was indifferent. Even the joke side 
of it was not present that time.” 

Thus for B there was on the first conflict-experiment doubt followed by 
amusement which latter was reported as mildly P. In 3 of the 5 critical 
tests B reported amusement, or was seen to laugh. In no case with the 
single lights was there amusement, smiling, laughter. 

Under conflicting stimulation no movements of the foot were visible 
to the experimenter. 


Subject C. The reports with single-light stimulation were in every case 
affectively indifferent. 

With double signals C reported as follows: “There wasn’t any P or U. 
I merely didn’t know which way to go and I went one way. I was amused; 
it made me smile. Amusement was perhaps P or I might call it indifferent.” 
“Exactly the same as the other. It made me laugh and I kicked forward 
after a certain hesitation—just to do something.” ‘There was amuse- 
— % “Amusement.” ‘There was amusement with a slightly agreeable 
eeling. 

Conflicting signals gave some doubt and hesitation, and it is note- 
worthy that in every case of conflicting signal there was amusement, 
laughing, smiling, which was reported as P or as indifferent. 

A delayed forward movement of the foot was made in every case of 
conflict. (In the habituation series C reported forward movement as 
preferred to backward.) 
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Subject D. The results of D are complicated by a sluggish mood in 
which any movement was apt to be reported as U. With the single lights 
the affective report was generally U, sometimes indifferent. 

Every test with conflicting signals gave a report of U. On account of 
D’s permanent mood it is not possible to associate U and conflict, although 
conflict may be a factor underlying the U feeling. In two of the five con- 
flict tests, D laughed slightly. In the tests with a single light there was 
no smiling, laughing or amusement. 

Forward movement of the foot was made in four out of five of the con- 
flict trials. (Forward movement had previously been reported as the pre- 
ferred direction.) 


Taking the 4 Ss together it is clear that the conflict signals 
are associated with affective processes absent when single lights 
are flashed. With A the result was what we had expected. 
There was blocking, bewilderment, conflict, and along with this 
unpleasant feeling. With B there was occasional doubt and 
hesitation followed by smiling. Amusement, smiling, laughing, 
was the characteristic affective response with B and C. With 
D, the conflicting signals were associated with unpleasant feel- 
ing as in the case of A, but a permanent disagreeable mood ren- 
ders the association of conflict and U uncertain in significance. 
In 2 of the 5 critical trials D showed signs of amusement and 
there was no trace of amusement with the single light tests. 

The conflicting signals, therefore, give a type of experience 
which is differentiated from the simple one-light tests in two 
ways. (1) There is sometimes conflict of impulse, hesitation, 
doubt, bewilderment, and along with this unpleasant feeling. 
(2) There is sometimes amusement, smiling, laughing and along 
with this pleasant feeling or indifference. Doubtless these two 
types of affective reaction are related. B, for example, reports 
doubt (conflict) followed by amusement. We suggest that 
amusement is a form of release from the conflicting, impossible 
situation and that such a release is typically P. The situation 
sometimes appears to have an element of humor in it; this is a 
primitive, almost physiological, humor. 

Habituation to Conflict. We next desired to observe the effect of repe- 
tition of the conflicting signals. Consequently for two experimental days 
following the above work double signals were used. 

Every presentation was a combination of two lights calling for simul- 
taneous movements. Four of the combinations are possible to perform 
(1 and 3, 1 and 4, 2 and 3, 2 and 4) and two combinations (1 and 2, 3 and 4) 
are impossible. These six combinations were arranged in a haphazard 
series and presented under the above-described conditions. 

The instruction was changed by adding the following words: “Lights 
will be flashed in pairs of two. Whenever lights appear make the appro- 
priate response.” 

At the start the conflicting signals gave the same result as previously. 
There was sometimes inhibition, blocking, conflict, doubt, strain, and 
unpleasant feeling. There was also laughter, amusement, smiling, which 
was reported as pleasant or indifferent. These affective responses were 
absent from those signals which were possible to carry out. 
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As the work proceeded the conflicting signals were taken by all Ss intel- 
lectually as a sign for no movement at all. When this stage was reached 
there was no longer any conflict and U; nor was there any amusement (as 
though the joke had been destroyed by too much repetition). 

It became clear that with habituation to the conflicting situation the 
affective character vanished. When this had been ascertained the ex- 
periment was brought to a close.”° 


Affective Habituation. Disappearance of the P or U of an experience 
when the inducing situation is repeated illustrates affective habituation. 
In the above experiment conflicting signals at first brought about a definite 
affective character, but with repetition of the double-signal the affective 
component vanished. At the same time the double-signal took on a new 
meaning—the meaning of no movement. 

An experiment upon the constancy of affective judgment to odors”! was 
performed simultaneously with the above. The same 4 Ss made affective 
judgments upon 8 selected odors. Judgments were made on each experi- 
mental day for a period of 5 successive weeks. The results show a consider- 
able degree of constancy in affective judgment throughout the experiment, 
and the conclusion was drawn that “there is very slight evidence of pro- 
gressive and regressive changes in judgment.’ There were daily variations” 
in judgment but no evidences of habituation. A recent experiment by Ken- 
neth” appears to confirm my result. 

What shall we say of the fact that two experiments, done at the same 
time and with the same Ss gave opposed results? Is it that affective habitu- 
ation existed in the experiment with double-signals, and that affective 
habituation did not exist in the experiment with odors? This view is quite 
possible and further work should be done to clear up the situation. At 
first sight we seem to be in the presence of another one of those cases in 
which logically opposed conclusions follow from different sets of experi- 
mental data. 


20At the close of the experiment a few tests were made with the knee-jerk (using a reflex 
hammer) combined with the light signals. Once the forward signal and the knee-jerk came 
at about the same time and there was marked laughter and amusement and the comment 
“‘my reaction was made for me.”’ There were also several cases of blocking associated 
wit 
21See footnote 19. 


2My original conclusion regarding constancy was as follows: “The series of affective 
judgments show various degrees of constancy. The most variable odors are in the region 
of indifference while the most constant are either ‘very pleasant’ or ‘very unpleasant.’’’ Dr. 
J. G. Beebe-Center, of Harvard University, has pointed out in a conversation, that this 
apparent constancy of the extremes of intensity rests upon a statistical limitation in the 
scale-of-values method. If a series of judgments are averaged, the average value and the 
maximal variation are interrelated. For example, the upper limit of our scale was +3. In 
order that a series of judgments should average +3 the m.v. would have to be +0, for any 
variation towards indifference would lower the average. Every average has a limit be- 
yond which variability cannot go. If limit of variability be plotted against average, a 
mound-shape curve results. The original results have been reconsidered in the light of this 
criticism. Between +2.5 and —2.5 actual variability falls within the mathematically 
determined limit. There is, however, no evidence that judgments are more constant at the 
extremes of this range than in the region of indifference. Hence our conclusion must be 
revised to state that daily variations in affective judgment are about the same in all regions 
of the scale. The greater constancy of affective judgments at the extremes of the scale is a 
statistical rather than a psychological matter. I had a suspicion of such an error when I 
wrote: ‘It may be that the intense feelings are actually variable, but that a scale with only 
three degrees of U and three degrees of P is not adequate to the intensive differences (op. 
cit., 189).’”’ Dr. Beebe-Center has made experiments upon affective habituation which 
confirm the above interpretation. 

*%J. H. Kenneth, A few odor preferences and their constancy, J. Exper. Psychol., 11, 
1928, 56-61. Kenneth (p. 58) appears to confirm my conclusion regarding greater vari- 
ability in the region of indifference than in the extremes of the scale, but his argument 
rests upon the same kind of a fallacy as my own. 


*See The logic of affective psychology, this JouRNAL, 38, 1927, 186-9. 
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My own tentative solution of the difficulty is as follows. The affective 
judgment of an odor is ambiguous regarding felt P and U.* Realizing the 
possibility of such an ambiguity, statements in the earlier article were made 
about the affective judgments and not about the felt experience. A series 
of affective judgments is therefore equivocal regarding the point at issue— 
the existence or non-existence of habituation to felt P and im 


CoNCLUSION 


Simultaneous signals to conflicting movement called out an 
affective experience which was absent with single signals. With 
one S, and possibly with two, conflict evoked unpleasant feeling. 
With 3 Ss, amusement, smiling or laughter was evoked and this 
was typically P or indifferent. It is suggested that the latter 
type of response be considered a release from the conflicting and 
impossible situation. Repetition of conflicting signals led to the 
dropping out of both affective characters. 


%See footnote 16. 


i 
‘ 


AUTOKINESIS AND THE STREAMING PHENOMENON! 
By J. P. Guitrorp, University of Kansas 


In a previous article? it was shown that the eye-movement 
theories fall short of an account of the autokinetic sensation of 
Aubert. In the first place, there are too many facts inconsistent 
with such theories, and in the second place it was shown by 
means of a photographic record of eye-movements during the 
apparent movement, that the illusion occurs independently 
of any correlated eye-movements. It was suggested that the 
spot of light moves because the surrounding retinal elements are 
being stimulated for movement in the opposite direction. This 
theory was ventured on the basis of reports of two observers 
that movement of the field in the opposite direction can be 
seen; that we have here a case similar to the apparent movement 
of the moon behind floating clouds. The theory was tested 
logically by an attempt to take care of all the known facts about 
the phenomenon. Since then, the writer has secured obser- 
vations from three other observers and has submitted all the 
hypotheses which were set up in connection with the ‘stream- 
ing’ theory to various crucial tests. The theory has been 
vindicated on all essential points, but in some respects has had 
to be modified and extended in the light of new facts. 

Observers. The Os for the experiments were, Dr. Elizabeth F. Méller 
(M), instructor in psychology; Charles W. Fox (F), assistant in psychology; 
and David Bidwell (B) , fellow in psychology. All three have had consider- 
able training in echo ew observation and, so far as the writer knows, 
came to the particular problem without theoretical bias and without any 
intercommunication during the course of the experiments. 

Direct observational evidence for the streaming theory. From 
descriptions under 3 sets of instructions the following facts 
have been verified: (1) There is a general movement of the 
film* in the whole field in a direction opposite that taken by the 
spot. (2) Films of various tints and hues are seen drifting 
across the face of the moving spot. (3) The moving disk leaves 
behind it a trail of light gray or of a hue complementary to that 
of the moving spot. This last fact may be taken to mean that 
the retinal streams are washing chemically altered material 
away from the region of stimulation. 


*Accepted for publication July 26, 1927. 
1From the Psychological Laboratory of the University of Illinois. I wish to take this 
oy of thanking Professor Madison Bentley for waleaiile suggestions and criticisms. 
P. Guilford and K. M. Dallenbach, A preliminary study of the autokinetic sensation, 
this 39, 1928, 83-91. 
*This term is used in the sense in which it is employed by Katz, Die Erscheinungsweisen 
der Farben, 1911. 
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The stimulus light was, in most of these observations, a 
faint, yellow, circular spot 1.2 cm. in diam., or else a 0.6 em. 
red disk, about roo cm. distant and with foveal, monocular 
stimulation. 

Results. A more complete description of the phenomenon 
is given in some typical reports from the Os. 

Instruction 1. ‘Describe any phenomenal or psychological 
changes which occur in the moving spot.” 


M:: “Sometimes it disappears altogether, but that is not for very long. 
Sometimes behind the red film as it moves there is a faint gray which is 
also a film. The meaning is that the red film ducks under a dark cloud 
and I see this trail after it like the tail of a comet. The trail is often very 
long, often across one quadrant in the path the spot has taken.” 

F,: “Twice I se othe a thin light greenish blue line going from the spot 
down to the left. The light greenish line followed the spot; it was narrow 
and very long. Occasionally other parts of the field were in motion, i.e. 
it was not merely a dark gray background.” 

B:: “I think there is a correlation between the side of the spot that 
changed in color and the direction of the movement. The movement 
seemed to be toward the side away from which the change takes place.’’ 


Instruction 2. “Describe any phenomenal changes in the 
spot and in the field around the spot.” 


M:: “As the spot moves, it loses in chroma. Sometimes all color fades 
out and there is just gray. It means that this disk is floating in a film and 
sometimes it ducks under this film and then looks grayer. There is more 


movement there than just the movement of the disk, because the change 
in chroma is a gradual thing; it floats over the disk, across it. That is 
where I get the meaning that it is moving in a film. They [the films] are 
always moving. It does not mean that the disk itself has changed, but 
that the background is doing it.” 
F;: ‘Rather late in the experience I saw hey light greenish blue lines. 
t 


These usually ran from the spot down and to the left. When the spot is 
moving the line is always, I think, back of it.” 

B.: “These changes in the field seem to flit across the face of the spot. 
The spot seemed to change in brightness, just like clouds flitting over the 
moon. The change in appearance went across from the left to the right; 
the left side of the spot changed first, lightened or darkened.” ‘There 
was movement all over; the general drift seemed to be upward. When I 
notice this movement in the periphery the spot remains perfectly still. 
Only when I ignore the movement in the field does the spot begin to move. 
The spot moved downward, and only when I stopped noticing the move- 
ment in the periphery.” “Movement was not very extensive, but in 
general denumenlh. it started with a large dark after-image underneath 
near the edge of the field. It [the after-image] seemed to be growing and 
involving the rest of the field. It could be noticed as either a motion of it 
toward the spot or of the spot toward it; I got both.” 


Instructions 3. “Describe any phenomenal changes in the 
field, giving your attention especially to the films in front of 
the spot.” 

M:: “There are little wisps of gray that are moving constantly over the 


disk front. Sometimes something that is almost a surface in black is there 
and the disk goes under it. It means that the disk is moving in a con- 
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stantly moving film. Over the surface of the disk there is a whirling, 
moving, bit of gray. It moves the way clouds move, so it is always in move- 
ment. Then other pieces of film much closer to me than the disk come 
out over it.” “This little disk plows through a film. It is a thick film so 
that it leaves a rather definite boundary line where it piles up. If the disk 
is moving up, then the black film on each side moves in on both sides of 
the disk and changes the outline somewhat. If the disk moves sideways, 
the film folds in from the top and bottom, not perfectly parallel, but V- 
shaped. While it is going on this way, there is a gray film which usually 
moves in an opposite direction from that in which the disk is moving. If 
the disk moves up, the film moves down, only it never moves clear across 
but slides off before it reaches the bottom.” 

F;: “There were bands of darker and lighter bluish gray in the film or 
haze. At one time this seemed to be moving down to the left over the 
spot, and as the bands passed over the spot there were changes in chroma 
in the color of the spot itself.” “At one time the whole film seemed to be 
moving, either up and to the right or down and to the left; there were 
particles in the periphery moving along that axis. The spot was moving 
up and to the right. Before the spot changed in chroma, I knew that the 
change was coming because I could see the bands moving down and to the 
left. Once there was a very dark band, almost black, coming, but it did 
not cover up the spot; instead the spot pushed into it; the black covered 
only the front part of the spot, the side ahead.” 

B;: ‘There seemed to be at the start a heavy mass of color at the 
bottom, very dark blue of low saturation. Movement started immediately 
in this, up and to the left, contrary to the spot. These masses of color 
move over the spot—there are changes in the color of the spot, although 
less than the colors outside the spot. Shortly afterward the color became 
more diffuse, more equa! over the field, and at the same time the spot 
lost its motion.” 


Just which cue, the movement of surrounding films or the 
drifting of films over the face of the disk, has greater effect is 
hard to say. In some of the reports it was stated that the gray 
films which cross the face of the disk often slip off the sides or 
else go part way across and then retreat, as in the following 
report: 

M:.: “The film that I see between me and the disk is made up of little 
particles and wisps—not of uniform film—and these bits are moving 
slowly all the time. They are not going from place to place—there is no 
aim in their movement, they just float around. They move over the sur- 
face of the disk, but never completely cover it. They slip off, somehow, 
and never cross the face of the disk. They fall off the sides or else go back.”’ 


Later observations tend to show that movements in the 
periphery of the field are very potent factors, as in this report: 


M;: “The spot at which I am looking moves, and it moves in a cloud of 
black. I found this, too, that the black moves in the same direction as 
the spot. There is a gray out beyond this and this is moving in the op- 
posite direction. This can be seen only when I spread my attention 
beyond the black.” 

The same fact is indicated in the reports Bz and B; quoted above. 


Direction of movement. In the previous article mentioned 
above it was indicated that the supposedly greater outward 
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tendency for the movements, as found by Carr* and others,’ 
squares with the inward flowing streams of Edridge-Green,*‘ 
and that the prevailing directions of the autokinetic phenome- 
non in the 45°-axes of the field, squares with the typical streams 
given by Ferree’ as well. Further results, however, force us to 
conclude that neither of these streams is responsible for the 
general direction of the apparent movement. 

First we shall mention an attempt to find recurrent patterns 
of movement such as were presented for one O in the earlier 
study. 

The procedure was the same as in the earlier experiment. O watched 
the moving disk until he had as much pathway as he could remember; 
the room was illuminated and he immediately drew the path from memory. 
Six drawings were secured for each eye for every O, with foveal stimulation, 
and 24 drawings with monocular, extrafoveal stimulation. In the latter, 
the spot was a yellow disk 1.2 cm. in diam., placed 2°—in terms of visual 
angle—from a 0.4 cm. red fixation-point, in four directions 45° from the 
horizontal and vertical axes of the field. 

Recurrent paths were found for only one O (F), and these 
came in rather regular cycles, a broad loop up and to the left and 
a narrow loop down and to the right, alternating, the spot 
continuing to mount upward. A complete cycle required about 
74 +15 sec. It must be added that the pattern occurred 
clearly only when the stimulus-spot was in the upper left or 
lower right positions. M had as a rule, gross and roughly 
circular paths of movement; but B had only irregular and 
sporadic paths. 

Concerning the predominance of outward movements. It was 
noticed from the drawings, contrary to previously accepted 
facts, that the initial direction was inward, toward the center 
of fixation, about as often as it was outward. With a disk at 
the center, of course, all initial movements would have to be 
outward; this case is excluded. But according to Carr® and 
Adams,° a spot in any part of the field shows an outward pref- 
erence, and the more peripheral the spot the greater the pref- 
erence, an average of 88% being outward. 

We therefore found it desirable to test this matter by means of system- 
atic experiments. Four eccentric spots were used, as before, with a red 
fixation-spot at the center. The visual angle between the fixation-dot and 
the eccentric spots was varied from 2° to 30°. The procedure was as 
follows. O kept fixation upon the red dot and after a ‘ready’ signal one 
of the 4 lights was turned on. O was to report whether the initial direction 


4H. Carr, The autokinetic sensation, Psychol. Rev., 17, 1910, 42-75, 46 ff. 

5H. F. Adams, Autokinetic sensations, Psychol. Mon., 14, 1912, no. 59, 8 f. 

W. Visual phenomena connected with the yellow spot, J. Physiol., 
41, 1910, 263-275 

1C. E. Ferree, The streaming phenomenon, this JoURNAL, 19, 1908, 484-503. 

8Carr, loc. cit. 

*Adama, loc. cit. 
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was ‘out,’ ‘in,’ or ‘neither.’ A ‘neither’ judgment was given when the 
exposed disk moved tangent to a circle which passed through it and whose 
center was the fixation-spot. 

O found it difficult at first to give a report because the fixation-spot 
was already in motion before the disk came to view. In this case, he was 
instructed to decide which of the two spots was in the lead, for they always 
moved off together. During all the hundreds of such observations we did 
not find a single case of independent movement of the two spots, corres- 
ponding to movement of type II of Carr.!° There were slight oscillations; 
the two spots would ouaa apart slightly and snap together ‘‘as if held 
together by rubber bands,” but never over a few mm. in extent. How 
one spot could move so far as 20° while the other one remained stationary 
is beyond our comprehension. The very slight oscillations which were 
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observed were within the moving group of dots, and without exception, 
one did not move without a corresponding or compensatory movement of 
the other. One case, already mentioned, a slight pulling apart and then 
together, was perhaps the most common. In another type, the one in the 
lead would suddenly spring forward a little, then the rear one would make 
a jump ahead, “as if playing tag.” In a more rare type there would be 
slight, but very slight, turning, or torsion, which was immediately corrected, 
“as if it were a balloon with its basket.” Indeed, a further study of the 
mutual movements of two spots seems worth while in itself. 

Two hundred observations were secured from each O for every angle of 
eccentricity used. The results, in terms of percentage of outward move- 
ments, may be seen in Fig. 1. Only one O (M) shows a consistent tendency 


10Carr, op. cit., 43. 
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for the direction of initial movements, and that tendency is contrary to 
the expected one; the more eccentric the spot, the less strong is the out- 
ward tendency. One O (F) shows a sudden increase to 71% at 30°, but 
this is to be accounted for from his verbal reports. Peripheral observation 
is extremely difficult, as everyone knows, and furthermore in this case, at 
least, it induced incipient eye-movements in the direction of observation. 
Such eye-movements, as investigators of autokinesis know, interfere with 
the illusion. All the Os reported that the movement of the spots in the 
periphery becomes short, Jerky and uncertain, not at all like the long, 
smooth, sweeping movements which occur with foveal stimulation. In- 
deed, it was just because of these difficulties that the degree of eccentricity 
could not be carried beyond 30°. With an eccentricity of 45° all Os found 
it impossible to get the illusion or to report upon it. 

If one secures an average for all 5 positions combined, the 
percentage of outward movements are 55.8, 53.6, and 45.7, for 
B, F, and M respectively, with probable errors not greater than 
1.2. Thus it appears that whether the initial movement will 
be outward or inward is almost a matter of chance, so long as it 
is the illusion we are dealing with. Since the initial movements 
come immediately after exposure of the light, and since the 
direction is already predetermined by that of the fixation- 
spot, and since the exposures are made by chance, we have a 
random sampling of the prevailing directions of movement. 
In fact, one would expect, a priori, since the two spots move 
together, that the outward or inward movements would be a 
matter of chance, unless the fixation spot spends more time in 
going in some directions than in others. 

The most significant fact which comes out of this result is 
that the direction of spots anywhere in the field is determined 
all at once, at least within 30° of the center. This means that 
the limited streams of Edridge-Green and of Ferree are out of 
the question, that the streaming occupies the greater part of the 
retina and that there is one general direction. A further test 
of this conclusion was the use of 2, 3, and even 4 additional 
spots simultaneously. All moved off together in the direction 
already set by the fixation-point, retaining their mutual re- 
lations and distances, except for the fixation-point, which was 
smaller and of a different color. The minor striking read- 
justments of this spot in the new patterns of 2, 3, and 4 moving 
lights are a subject for study in themselves. 

The fact that the direction for apparent movement in all 
parts of the field is the same at any one moment agrees with the 
Os’ reports of the streaming phenomenon. The usual report 
is that the field is a boiling, bubbling, billowy mass, and that 
this has one general direction opposite to the direction of the 
moving spot or spots. The following reports are typical. 

Ms: “The field is a film made up of different waxen grays and these bubble 
and roll like smoke does. Then one part of the field gets very black and 
moves in a definite direction across the field. The spot is in that black, 
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going with it in the same direction. The rest of the field is going in the 
opposite direction.’’ [H#: “How much of the field does the black occupy?”’] 
“HF the eld were one foot square the black would be about 1 inch by 3 
inches. 

B,: “The visual phenomena are rather difficult to observe. They boil so 
much; the movement is so erratic it is hard to say just what the general 
drift is in them. When the visual phenomena move one way, the spot 
moves in the opposite direction. The best thing to compare them with 
is slowly moving masses of smoke.” 


In no case have the Os reported anything like the streams 
of Edridge-Green, or even those of Ferree, except for spirals 
or whirling movements which do not endure for any great 
length of time. The boiling movements give us precisely the 
basis which we need for ‘explaining’ the minor oscillations in 
the phenomenon. The spot may be floating smoothly in a 
general direction; it may go by little spurts or jumps; it may 
suddenly make a slight detour; quite often it is seen to make a 
complete loop of small diameter in its path. At other times, 
when moving in a horizontal direction especially, it has the 
appearance of a “rubber ball bouncing along.” 

Theoretical implications for localization and for movement in 
general. Two very important theoretical considerations come 
in at this point. We can merely mention them because they are 
secondary to the specific problem and because there is insuf- 
ficient data to draw any assured conclusions. One concerns 
the problem of absolute visual localization, and the other 
concerns the stimulating conditions for movement in general. 
As to the latter, it can be said that there appears to be a stimu- 
lating condition for movement which may be independent of, 
and which possesses a lower threshold value than that for 
sensory quality. The stimulating condition in this case is the 
streaming of something in the retina. Whether the stimulation 
is due to changes in the chemical medium for the rods and © 
cones as the streams move across them, or whether it is from 
shadows of particles in the medium, which cross the retina, 
cannot be determined. It is probably the former, as indicated 
by the trail of the negative after-image behind the moving spot. 
At any rate, there must be a succession of stimulations sweep- 
ing across the receptive layer. Whereas the change is so slight 
that differences in quality are observed with difficulty, the 
impression of movement is quite clear and produces the strik- 
ing consequences of the autokinetic illusion and of loss of 
orientation in general in the dark. This seems very close to 
pure movement without quality, or pure phi, as it has been 
called. The phenomenon might well receive more attention 
from those who are interested in theories of phenomenal move- 
ment in general. 
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As for absolute visual localization, it appears to be almost 
a pure myth, as some of these experiments tend to show. In 
the first place, the fact that a spot of light can be localized suc- 
cessively in different parts of the field, as far from the original 
starting point as 45°, while the same retinal elements are being 
stimulated, means that the effect of absolute localization is 
not very potent. To be sure, the first moment the light is 
fixated it is properly localized. It almost immediately begins 
to move and from that time on does not regain its ‘proper’ 
orientation, except as it passes through the starting point on its 
return excursion. O feels that he ‘knows’ where the starting 
point is; it remains as a sort of anchorage about which the rest 
of his space world is suspended. He may even feel that his 
eyes, head, even the whole body are turning to follow the moving 
spot. In that respect the spot of light retains its proper locali- 
zation with respect to him—to his eyes and body. On the 
other hand, if O is asked to localize the spot of light with re- 
spect to the center of his field of vision, he invariably places 
it at some distance from the center. 

It was of interest to know what would happen to the moving 
spot, its localization and O’s general orientation, if after the 
spot had moved some distance, other lights were suddenly 
exposed in different parts of the field. This was done in the 
same way as in our study of the effect of eccentricity above. 
After the fixated spot had moved outward, a light, in one of 4 
directions, varying from 2° to 30° in the periphery, was turned 
on. It was expected that the moving light would jump back 
to the center of the field and that general orientation would be 
regained. Such was not the case. The general rules were as 
follows: (1) The coming of the additional light suddenly re- 
tarded the movement, but very rarely stopped it. The effect 
is approximately proportional to the intensity of the additional 
light. No exact measurements were made. (2) After this 
momentary pause, the two went on together in the original 
direction without a regression to the original center. 

Two Os agree to this in response to the instructions, ‘‘De- 
scribe what happens to the movement when the additional 
light comes on.” 

F,: “When the spot of light comes on the movement of the red spot 
is retarded, almost stops sometimes.” 

B;: “When the bright light comes on the effect is to slow it down or 
completely to stop it. The stoppage is greater when the light is in the 
direction toward which the spot is moving.’ 
on The third O however, reported no marked changes under these con- 

10ns: 

M;: “The red one is already in motion in a certain direction when the 


yellow light is turned on. The yellow one comes and without anything 
more moves along with the red one in the same direction.” 
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The disappearance of the additional light has far greater 
consequences. The usual thing is (1) a sudden acceleration of 
the movement of the fixation spot, and (2) a disturbance of the 
general direction of the spot. The following report is typical: 

Fs: ‘Very often when the white spot is removed the red one shows an 
immediate acceleration in the direction in which it is moving. This period 
is very brief. Immediately after this period the red spot seems to lose its 
stability, changes direction, and moves around uncertainly in various 
directions, then it resumes its ordinary movements.” 

Localization of the spot is thus apparently linked up with 
the whole phenomenal field whose changing orientation, from 
the visual aspect, is dependent upon the shifting stimulation 
upon the retina. The réle of bodily pressures will be discussed 
in what follows. The specific effects of addition or removal of 
spots of light in the field could form the basis for a special study. 

The réle of eye-pressures in the movement. According to the 
theory of Carr," the loss of orientation, and with it, the ap- 
parent displacement of the spot, is due entirely to a shifting 
of eye-pressures which result from differential fatigue of the 
extrinsic muscles. The theory is based upon the fact that the 
direction of movement is usually in the direction of eye-strains. 
It was decided to test this correlation with our Os, and if it was 
verified, to examine into the relation between these pressures 
and the retinal streams. It was suggested in the previous study 
that the strains are a result of the visual phenomenon, perhaps 
set up in the attempt of O to inhibit the tendency to follow the 
moving light with his eyes. 

The Os were unacquainted with the eye-pressure theory and the facts 
upon which it is based. One O (B) during the early experiments stumbled 
upon the correlation and expressed a conviction that the eye-strain had 
something to do with the illusion. The Os were started on this problem 
with the very general instructions: “Describe any pressures which might be 
correlated with the movement of the spot.” 

The most noticeable pressures accompanied upward or 
downward movements. These were localized chiefly in the 
eyes, but also in the head, throat, shoulders, and chest. During 
upward movements they were ‘bright,’ ‘buoyant,’ upward- 
pointing streams which meant to O that he was rising to follow 
the moving spot. During downward movements, the pressures 


uQp. cit., 67 ff. Professor A. A. Schaeffer in a recent paper (Spiral movements in man, 
J. Morph. and Physiol., 45, 1928, 347 f.), has suggested that the autokinetic sensaton is 
closely related to the phenomenon of spiral movements which he has been studying. Blind- 
folded Ss who are attempting to go directly toward a distant imaginary point, t walking, 
swimming, driving a car or a motorboat, invariably go in paths which form dechegeing 
spirals. A complete cycle for the autokinetic movement requires about the same length of 
time as a single looop in these spiral movements. If the stimulus-light is attached to O’s 
body in such a way that as he turns on his heel to follow the autokinetic movement the 
stimulus-light will also be moved, his body will make a complete rotation in about the same 
period as for a loop in the spiral phenomenon. Professor Schaeffer attributes both phe- 
nomena to a deep-seated ‘spiral mechanism’ which he has found in many species of animals 
even as low in the scale as the amoeba. 
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were ‘dull,’ ‘depressing,’ and downward-pointing. The im- 
pression of O was again that he was attempting to keep with 
the spot, to keep it in sight. A very good description is found 
in one report from M. 


Ms: “There are bright, strainy, pressures localized in the eyes, particu- 
larly up toward the eyebrows. The only way the spot went was up. The 
strains grew more intense as the thing kept going and the pressures instead 
of being tiny ones, fused into a big mass. I think that I raised my eyebrow, 
because you think that in a moment the thing is going to be beyond them. 
There are other pressures, light ones, especially around my shoulders, as 
if I were lifting myself up with the red thing too. If the thing keeps moving 
up this pressure becomes very unpleasant and other pressures seem to 
come in. These are around the neck and shoulders. They are light, 
bright things and they come from real movements. They mean that I am 
getting up to keep above the spot. Then when it goes to the side, all those 
pressures shift to the side, including the eye-pressures. The eye-pressures 
go first. Going down it is not so bad. There is a sort of relaxation and 
instead of being bright, the pressures are dull.” 

One report of pressures correlated with right and left move- 
ments is enlightening: 

F;: [After the instructions, “Observe any eye-pressures which may be 
correlated with the movement of the spot.”] ‘“‘When the movement to the 
left begins, these pressures which have been in my eyes disappear, i.e. they 
cannot be attended to. The experience which has been fairly well localized 
in the region of the eyes suddenly spreads out into a much larger field, a 
field that comes to me as bright, and certainly pleasant. Out of this large, 
undifferentiated experience, come pressures in my shoulders, which mean 
that my left shoulder is moving backward and my right shoulder is moving 
forward, and more indirectly, that the whole upper part of my body is 
twisting slightly to the left. The corresponding thing holds for move- 
ments to the right. Whenever there is a movement which has both hori- 
zontal and vertical components, both the pressures in my eyes and the 
pressures in my shoulders may appear. But they do not seem to form an 
integrated pattern, possibly because I attend to one and then to the other. 
Each part seems to have its own reference.” 

All Os later came to identify specific eye-pressures with 
certain directions of movement. One important result, in view 
of Carr’s theory, is the presence of corresponding bodily pres- 
sures. No doubt these also enter into the loss of general 
orientation, but it is difficult to attribute them to a differential 
muscular fatigue. Would it not be more reasonable to attribute 
them to the shifting visual field? One gets the same ‘illusion’ 
of bodily movement in the face of a waterfall or of a slowly 
moving train. 

__ We next secured some observations which make the latter 
interpretation plausible. If the shifting visual field is responsi- 
ble for the bodily pressures, these pressures should occur with- 
out a spot of light in the field. The Os were accordingly asked 
to report “any similar pressures” with the eyes closed. Only 
one O (M) was able to do so without further practice. This 
one reported with some surprise that the pressures continued 
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to “roll around in the same fashion” as when the eyes were 
open and fixating the spot. Her report on this occasion is as 
follows: 

M:: “The pressures start to go up; when I open my eyes the spot is 
also going up. Sometimes the pressures would move over to the left, I 


would open my eyes and the spot would be over to the left and moving in the 
same direction as the pressures.” 


A new procedure was then followed. The light was exposed 
long enough for the pressures to develop in a definite direction. 
It was then turned off for varying intervals increasing in length. 
The instructions were: ‘Try to maintain fixation even when 
the light is turned off. Describe what happens to your eye 
pressures after the light disappears.” The reports of all Os 
agree remarkably well upon what happens here. 

My: “When the red dot went out, the pressures continued. Once or twice 
when the dark interval was very short, the pressures went on, and when 
the red dot reappeared the dot was going the same direction the pressures 
were.” 

F.: “When the light is first turned off, the first thing that happens, is that 
everything drops away for an instant; everything becomes leveled. Then 
these pressures appear again about as they had been during the period 
when the light was on, but they are incoherent; they have no definite 
pattern. Then I recover my fixation, i.e. this fixation becomes noticeable, 
the pressures which happen to be there again become coherent. There 
are dull pressures, almost strain-like, that are localized above my eyes 
and to the front of my head. When the light comes on, these pressures 
seem at first to disappear completely, but they are back almost immediately, 
and are smoother. The movement in every case was up. During each 
movement the smooth pressures above my eyes moved backward. They 
were much less intense than when the light was off.” 

B;: “When the light is turned out the pressures fade out just fora moment. 
There were bright pressures in the upper right hand corner of the eye, 
between the eyelid and the eyeball. They moved to the upper right and 
it did seem to be correlated with the direction of the spot. Then when the 
light went out it would almost disappear for a second and at the same time 
I would get more diffuse pressures all around the eyeball as if my eye were 
moving. Then the other, bright pressure, would come back and if the 
light were turned on it would move in the same direction.” 


Prediction of the direction of movement. The ability of the 
Os to predict the direction of movement from the direction of 
eye-strain before the light was turned on is very evident. A 
test was next made to determine just how accurately O could 
make this prediction. Other tests consisted in prediction of the 
direction of the illusion from the general direction of the stream- 
ing of the field before the light was turned on. From a com- 
parison of these two sets of predictions it was hoped to deter- 
mine, if possible, which of the two is more directly connected 
with the apparent movement. The tests were given on two 
different days and alternated so as to take account of practice 
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and fatigue effects. None of the Os, after initial practice, had 
difficulty in abstracting the pressure and visual cues from 
each other. 


The pee was as follows: O was asked to announce a prediction as 
soon as he could, with the light turned off, but with fixation in that direc- 
tion. The light was immediately turned on and O reported the direction 
of movement. Both prediction and check report were given in terms of 
the face of the clock, the smallest unit used being the half hour. Table I 
gives the results in terms of the average errors, in terms of hours on the 
clock, made by each O using the two different cues. 


TABLE I 
PREDICTION AND CONTROL 


Prediction Control 
Visual cues Pressure cues By pressures 
Av. error Cases Av.error Cases 


40 3.12 13 
.18 49 ; .O1 57 
II 48 .55 49 


In every case, the error is greater for those predictions based 
upon pressure cues. This might be expected and the reasons 
for it appear in Os’ reports. They were asked after each series 
of predictions to give a complete account of the cues which 
they used. The following reports were verified on at least two 
different occasions; there are some individual preferences in 
the way of cues, but on the whole there is agreement: 


Pressure cues. 

Mu: “Of all the pressures in the eye there is one little band that moves 
around and which is the criterion. I do not know where they are from, 
because I know that when I roll my eyes they are not the same pressures; 
they are another set. These little things move around. They are in- 
numerable, but they make up one little band and where that band goes 
the spot goes too. There are many more intense pressures to deal with, 
but the thing goes where the little ones go. [H: ‘Where are these pressures 
localized?”] ‘They are localized around the eyeball, not only under the 
lid, but deeper inside the eyeball.” 

F;: “Rather dull pressures, not extremely dull, over my eyeball, not very 
far front, although relatively, mean an upward movement; straight up. 
If these pressures are displaced a little to the right, that means a horizontal 
component along with the upward movement.” 

Be: “A definite pressure, a complex of pressure, cold, and a little bit of 
pain, under the eyelid. That was the sensory factor upon which I based 
the judgment. I abstracted from the visual cues. The spot of pressure 
stayed almost always near the junction between the two lids, at the inner 
corner. It seemed to belong more to the lids than to the eyeball.” 

Visual cues. 

Mis: “One part of the field gets very black and moves in a definite direction 
across the field. The spot is in that black, going with it in the same di- 
rection, and the rest of the field is going in the opposite direction.” 

Fs: “There are bands of lighter and darker gray extending in the direction 
of the movement to come. The ones which pass through the center of the 
field are the clearest. Sometimes I can see a movement within the bands 
in the direction opposite the predicted movement of the spot. This move- 
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ment seems to involve small particles in the field. Sometimes this move- 
ment of the streaks becomes very unclear and practically disappears, and 
that leads to ambiguity in the prediction; for example I predicted 7, and 
I came. 

B;: ‘When I make a judgment it seems purely visual, z.e. I would see 
streaks or bands which move across the field opposite to the direction I 
predict.” 

The visual cues permit more accurate prediction because 
the spot takes its place in a field which is already moving in a 
direction that is readily determined by O. The pressure cues, 
on the other hand, are non-visual and less precise. O has to 
decide in what direction the resultant strain lies. The visual 
phenomena seem to be more closely connected with the ap- 
parent movement of the spot than do the pressures. 

Control of direction. A question arises here as to whether O 
was really predicting the direction or whether he made it go in 
the predicted direction by autosuggestion. We are convinced 
that the predictions are genuine. Earlier in the course of the 
study the Os had been instructed to make the spot go in a direc- 
tion they wished, or in a direction named by £. All three Os 
were unsuccessful on every occasion and they were convinced 
that control of direction is impossible. After one period in 
which predictions were made the Os were again told to make the 
spot go in any direction named by £, but this time, by estab- 
lishing eye pressures in the proper direction. All Os were able 
to do so with some degree of success. Another period of pre- 
dictions followed this in which all Os showed some improvement, 
but no more than could be attributed to practice. The average 
errors for the control of direction differ considerably from those 
for prediction, being much greater in two cases, M and B, and 
very much less in the case of F (see Table I). The secret of F’s 
remarkable success may be found in his report (Fs) given 
below. There are cases, even after O has had much practice ~ 
in control and has confidence in his ability to use it, in which 
the spot refuses absolutely to go where he wants it to go. 

The fact of voluntary control is highly important for a 
knowledge of the relation between the eye-pressures and the 
retinal streams. That the two are correlated cannot be 
doubted. Which one is genetically prior is our next problem. 
It was suggested that the shifting stimulation from the streams 
on the retina may give rise to the eye-strains through their 
oculomotor consequences. This hypothesis will have to be 
given up in view of the facts of voluntary control and because 
of another crucial test which was made. The fact is that O 
can, by producing a strain in a certain direction, alter the 
streaming phenomenon in a corresponding manner. The 
pressures therefore need not depend upon the streams. 
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First let us be sure that the pressures which are set up vol- 
untarily are the same as those previously reported, the following 
reports will, I think, lay any doubts as to this fact; the de- 
scriptions are almost identical. 


Mi,;: “What I try to do is make the pressures go the way you call. It 
seems that when you say ‘5,’ I try to roll my eyes down although I keep 
fixation. I know I move my head because of pressure on my chin, trying 
to get pressures that will go down. The spot sometimes does go down, and 
I notice that there is that eye-pressure going down that 1 had before. 
But sometimes it will not pull the thing down and then it wobbles, e.g. if 
you say ‘5’ and it is going toward 1, it does not go in a definite straight line, 
but it zigzags down and up and sometimes winds up at 2 or 3. When it 
does that, I notice that it goes the way the little eye-pressures are going 
and all this bulky stuff, like that from pushing down with my head, does 
not mean a thing. They are very slight eye-pressures which it follows, 
but it goes right along.” 

F,: “I use the same cues that I reported before, in pressures. The pres- 
sures are all above the eyes. If I want a downward movement the pres- 
sure is at the front, over my eyes; slightly narrowing or drawing down the 
upper eyelid helps to bring that about. For an upward movement there 
are pressures moving back over my eyeball. For left movements the 
pressures are focalized at the left; for right, to the right. It is really a 
problem in physical resultants. I say to myself, ‘I want to get the move- 
ment away from 5 and up to 12; how much vertical and how much hori- 
zontal power will I need?’ Thus I exaggerate one or the other component 
to bring it about more quickly.” 


The following reports came in response to the instructions, 


“Observe what happens to the visual field as you exert strains 
in the new direction.” 


My: “Sometimes there is a black strip and that may be moving, say, 
toward 9. Then I change all my pressures toward 1. The black melts 
into the gray and there is a general movement of the whole thing up toward 
10 or 11, but that is just a bubbling, vague thing, not very definite. When 
it goes the way it should go, the black cloud moves toward the proper 
number, the pressures are there and everything. When it is going one way 
and I want it to go another, it just melts like colored ice cream; there is 
nothing but a slow boiling and no certain direction. Then when the spot 
eventually goes the way I want it to go, the field gets rearranged. There 
is a gray background, and on it, just around the spot, is a very black film 
which moves with the spot in the proper direction across the gray.” 


Fy: “The movement at first was to 2. It was a rather bluish gray 
field. Below the spot, and above it, apparently several inches, were bands 
of gray extending in the direction of movement. You said ‘11’ and I set 
up pressures at the back and left, and I soon got movement to 11. These 
streaks moved around very clearly so that they were again parallel to the 
direction of movement, as if the spot were in the center of a dark gray long 
rectangle with the lighter gray edges. There seemed to be movement in 
these streaks toward 5. In the transitional period, between the two direc- 
tions, if the change is sudden and striking, the field becomes chaotic. 
Then these parallel bands appear, sometimes before the new direction of 
the spot is decided or definite.” 


Source of the eye-pressures. There is little doubt from these 
facts that the change in the retinal streams results from pres- 
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sures exerted in a given direction. What the source of the 
pressures is, and what normally conditions their changes, aside 
from voluntary control, is an interesting problem. There are 
three sets of eye muscles which could be responsible, the ex- 
trinsic, the intrinsic, and the muscles of the eyelids—granting 
that the pressures are muscular. Our verbal reports are on the 
whole against the extrinsic muscles (see reports Mu, Be, and F9). 

Report M1 favors the intrinsic muscles in that the pres- 
sures are localized within the eyeball. This suggests the hy- 
pothesis that the intrinsic (ciliary) muscles, by means of their 
connection with the hyaloid membrane perhaps, can change 
the pressure on different parts of the retina. In the case of 
those Os who have a repeated pattern of movement and cor- 
responding cycles of streams, one wonders whether this periodic 
shifting of the streams serves the function of continual restora- 
tion of sensitiveness of the retina. One wonders, too, whether 
the streaks, which are reported by some Os, and which are cor- 
related with the direction of the movement, are produced by a 
temporary astigmatism. 

Reports Bs and Fy indicate that the eyelids have something 
to do with the characteristic pressure. Can it be that the eyelid 
changes the shape of the eyeball and in doing so sets up the 
streams in a certain direction? The pressures experienced might 
not be of muscular origin at all, but cutaneous, from the conjunc- 
tiva. The qualities of smooth pressure, dull pressure, cold, and 
pain are not unknown in connection with the covering of the 
eyeball. All these qualities have been mentioned in descriptions 
of the characteristic pressures. 

Relative strength of the extrinsic eye muscles. There is some 
evidence against the réle of the extrinsic muscles, at least in the 
way in which the Carr-Adams” theory would use them. The 
extrinsic muscles of our Os were tested by an optometrist in 
order to determine the relative strengths of the superior and 
inferior sets, and of the external and internal. These data 
were compared with the prevailing directions of the apparent 
movement. The latter were determined from the mass of data 
secured in the study of eccentricity and may be seen in terms 
of percentages in Table II." 

Two Os have an upward preference as opposed to a downward, one of 
them decidedly so, and the third shows no preference in this respect. As 
to the right-left dimension, two have a stronger left tendency and one a 
corresponding right preference, none of them being very decided. 


What do we find with regard to the corresponding eye muscle strengths? 
Two Os (F and M) have exactly the same balance of muscular strength, 


2Carr, op. cit.; Adams, op. cit, 27. 
18‘Up’ or ‘down’ means that the movement had an upward or downward component 
respectively. The probable error in each case was 1.2% or less. 
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convergence 16 prism diopters, divergence 6 A, sursumvergence 2 A, and 
deorsumvergence 2 A. The third O, (B), had a marked instability of mus- 
cular balance according to the following report of the optometrist: “‘All 
motor muscles very weak. Breaks fusion easily. Sadly in need of devel- 
opment of muscular tone. No ability to maintain, without fatigue, con- 
centrated binocular fixation on one point.” This report, incidentally, is 
highly significant in view of B’s type of autokinesis. The movement had 
for him no regular patterns, was often short and jerky. This undoubtedly 
means that short involuntary eye-movements were breaking up the usual 
more extended and more regular movement which is found in Os with 
better fixation. It suggests also, that if fixation were always perfect, 
regular patterns might be found for all Os. 


There is nothing in this comparison to verify the Carr-Adams 
theory based on differential fatigue and recovery of the ex- 
trinsic muscles. Although there is a decided upward preference 
of direction for the apparent movement in the case of two Os, 
tests show that the upper and lower muscles are perfectly 
balanced for strength. One of the two Os has a right preference 
and the other a left preference, yet their external and internal 
muscles have the same relative strengths. The net result of 


TABLE II 
PREVAILING DIRECTION OF MOVEMENT 


Percent of total number of movements N 
Right Left 
44.7 55.3 817 
45.9 54.1 711 
55.0 45.0 767 


these tests is that we find no correlation between the relative 
strength of the extrinsic eye muscles and the prevalence of 
direction of the illusion. This does not mean, however, that 
the extrinsic muscles are excluded from having a réle in deter- 
mining the direction of the retinal streams and consequently 
of the apparent movement, but that the difference in strength 
and consequent difference in rate of fatigue is out of the ques- 
tion. The problem of the source of the eye-pressures which are 
correlated with the illusion, which is mainly physiological in 
character, will have to be solved in another study. 

Streaming not the source of the eye-pressures. A crucial test 
was devised to determine the effect of a moving field upon the 
eye pressures in question. 

An artificial streaming was produced, apparently to O, by means of a 
slowly moving kymograph drum set up before his eye, in dim illumination. 
It was only 20 cm. distant, and so occupied a rather large portion of the 
field. O was to report upon eye-pressures during the rotation (apparently 
from right to left) and after it was stopped (negative after-image, ap- 
parently from left to right). Two Os immediately and repeatedly reported 
that the eye-pressures ‘pile up’ at the side toward which the apparent 
movement occurs, both in the original and in the negative after-image. 
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The third O, however, reported just the opposite. It was found in this 
case that he took @ small reflection on the surface of the drum as his object 
of perception. This reflection perp to move in a direction opposite 
to that of the drum. The test should be repeated with the whole field in 
motion. There is a possibility that the first two Os took the whole drum 
as their object of perception. Unfortunately our experiments had to be 
brought to a close at this point. 


If the kymograph test can be accepted, it means that move- 
ment of the field in a certain direction sets up eye-pressures in 
the same direction, not in the opposite direction as our former 
hypothesis calls for. The effect of the streaming field upon the 
bodily pressures, especially of the head and shoulders, is still 
to be determined. There is no reason, a priori, against the 
connection, and we have other well-known cases of ‘illusory’ 
bodily movement in the presence of larger moving bodies, e.g. 
the waterfall illusion. It is very likely also, in view of some 
verbal reports (see F; above), that the bodily pressures and the 
eye-pressures are separate phenomena, individually conditioned. 


SuMMARY 


In the present paper we have reached the following conclusions: 

(1) The streaming theory of the autokinetic sensation stands the test 
of observation and of various crucial experiments. 

(2) The streams responsible for the apparent movement are not those 
of Ferree or of Edridge-Green, but they are streams which involve the 
whole retina at once. 

(3) Movement of a spot in any part of the field, at least within 30° 
of the center, will have the same direction at any moment, and a number 
of spots will always move together in the same general direction. 

(4) Whether the initial direction of movement will be outward or 
inward, except for a spot at the center of fixation, is a matter of chance no 
matter where the spot is in the field, within 30° of the center. 

(5) The fact that the movement is in the direction of certain eye- 
pressures has been verified. 

(6) An observer can predict with great accuracy, either on the basis 
of the correlated eye-pressures or on the basis of the visual streaming, in 
what direction the spot will move when it is exposed. 

(7) An observer is able to control the direction of movement of the 
spot by ee up. the proper eye-pressures. 

(8) A change in the eye-pressures produces a corresponding change 
in the direction of the spot by breaking up the retinal streaming and giving 
it a new general direction. 

(9) Differential fatigue and recovery of the extrinsic eye muscles, as 
dependent upon a differential muscular strength, are out of the question 
as determiners of the direction of the movement. 
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THE EIDETIC IMAGE AND THE AFTER-IMAGE 


By Gorpon W. Auuport, Dartmouth College 


E. R. Jaensch contends that from an original undifferen- 
tiated eidetic experience derive both perception (Wahrnehmung) 
and idea (Vorstellung).! In support of this theory it is alleged 
—and this is a crucial point—that, in respect to its many at- 
tributes, the eidetic image stands midway between the after- 
image and the memory-image (to be understood as equivalent 
of Vorstellungsbild). Sometimes the EI (eidetic image) is 
nachbildnah (especially in the “T type”); sometimes it is vor- 
stellungsbildnah (especially in the “B type’’); sometimes it 
occupies a well-balanced position between.’ 


Undifferentiated Eidetic Unity 
(a “raw relation between ex- 
perience and nature’’) 


Wahrnehmungswelt Vorstellungswelt 
| Eidetic Image | 
After Memory 
Image Image 


If the EI (especially in children where the phenomenon is 
manifest in its purest form) can be shown to possess an inherent 
relationship with both the AI and the MI, evidence on the de- 
scriptive side at least would be at hand in support of the theory. 
If the existence can be demonstrated of a “‘unitary type,’ in 
which neither AI nor MI can be secured, but only the “raw” EI, 
then the theory acquires a probability in the genetic sense. 
If these contentions cannot be supported the theory breaks 
down, for the proposed terra media (both descriptive and gene- 
tic) between perception and idea vanishes. 

The following considerations will show that the hypothesis 
of a continuum of Gedédchtnisbilder (AI, EI, MI) is not accept- 
able, and that the weakness seems to lie chiefly in the relating 
of the EI to the AI. In reality these phenomena have only a 
superficial and accidental resemblance. On the other hand, 
such a close relation obtains between the EI and the MI that 
the former, in all probability, should be considered as merely 
a limiting case of the latter. 


Accepted for June 23, 1927. 

1E, R. Jaensch, Ber. aber d. VII Kong. f. d. exper. Psychol., 1922, 23. 
2E. R. Jaensch, Die Eidetik, 1925, 2; Zsch. f. Psychol., 102, 1927, 35-36. 
ap. Krellenberg, Zsch. f. Peychol., 88, 1922, 56-119. 
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The affinity alleged to exist between the EI and the AI 
rests upon evidence which may be examined under five head- 
ings: (1) the discovery of the eidetische Anlage in an observer 
through an examination of the behavior of his AI; (2) the ex- 
istence of negatively colored EI; (3) the fact that both the EI 
and AI are localized in visual space; (4) occasional resemblances 
in behavior of the two types of image; and (5) the case for the 
“unitary type,” in which no AI as such is secured, but where 
all experience is eidetic. 

(1) Method of discovery. It is said that marked Hidetiker 
are easily discovered, for they have AI which are positively 
colored. In point of fact, very few cases are reported. Kie- 
sow® examined this contention and found but one rather doubt- 
ful case among 49 children of mixed ages. Kliiver writes: ‘‘In 
all cases the AI had complementary color.’ Kliiver’s work is 
based upon a study of 27 cases, including 12 children. In 
an unpublished investigation, A. L. Allport, employing a 1-in. 
red square and an exposure time of 45 sec., found 43 children 
(av. age 11) who reported negative AI, 11 (av. age 11.8) who 
reported achromatic AI, and 9 (av. age 9.6) who spoke of original 
coloration in the image. It is entirely possible that these 
younger children characterized their image from the color of the 
stimulus, not being aware of the existence of complementary 
color values. The younger the child the less reliable the in- 
trospection. For this reason it is not necesssary to accept the 
view of Herwig that positive images (exposure time 20 sec.) 
are typically possessions of younger observers,’ (evidence 
presumably for the “unitary type’). From the results of the 
124 children just surveyed it would seem that no more than 
10 rather questionable cases of positive AI can be listed. The 
number of genuine Eidetiker among children should exceed this 
percentage (8%). Most important of all, the subjects re- 
porting positive coloration in these studies are not the subjects 
who were found to possess eidetic ability. 

(2) Coloration. Eidetic images are supposed to appear 
either in positive colors or without chroma (as does the MI), 
or in negative colors (as does the AI).° Evidence is conclusive 
that accurate positive coloring is often obtained in the EI, but 
it is by no means as certain that the EI can of itself appear in 
complementary colors. Zeman reports that the majority of his 
Os secured EI without any color, and in no case did a com- 


4Jaensch, Die Eidetik, 6 f. 

5F. Kiesow, Arch. f. d. ges. Psychol., 53, 1924, 447-484. 
6H. Kliver, Gen. Psychol. Monog. I, 2, 1926, 185. 

7B. Herwig, Zach. f. Psychol., 87, 1921, 147 f. 

8H. Zeman, Zsch. f. Psychol., 96, 1925, 226. 

*Herwig, op. cit., 132. 


420 ALLPORT 


plicated Vorlage call forth a negative EI.'° Using a to sec. 
exposure, Kliiver found 28 clear cases of positive coloration 
and 1o of negative," but the more complicated the picture and 
the less rigid the fixation, the greater was the tendency to keep 
the image in the original color."* Whenever a steady positive 
coloration is obtained the phenomenon does not character- 
istically appear and reappear; but when negative coloration is 
present the image seems less stable as though a conflict were 
occurring between the image itself and the complementary 
color processes.* This conflict is described also by Herwig," 
but he fails to adopt the rather obvious explanation that the 
brief occurrence of negative coloration is due to the arousal of 
a temporary AI.“ I am unable to find any account of EI ap- 
pearing after a lapse of days in faithful negative coloration. 

The conclusion seems inescapable that, when retinal fatigue 
is ruled out so that the phenomenon cannot be merely an AI, 
the coloring of the EI behaves in every particular like any mem- 
ory color, sometimes good in saturation and positive in tone, 
but more often, as Zeman found, inexact or colorless. It seems 
probable that every case of negative EI may be explained 
by AI aroused through fixation, even though the subject may 
not have been aware of keeping his attention constant enough to 
produce the required retinal fatigue.'"* Even when the exposure 
is controlled and brief (10~15 sec.), it is not improbable that 
when the image takes on faint negative coloration, as it some- 
times does,!’ it is due to a correspondingly faint arousal of com- 
plementary color processes.'® 

(3) Localization. The EI, like the AI, is said always to 
appear in visual space; it is “in a literal and true sense ‘seen.’ ”’ 
It is localized outside the body, never “in the head.” There is a 
tension and pressure felt in the visual organ “‘incomparably 
stronger than that which attends the MI.’’® In these regards 
the behavior of the AI and the EI are indeed similar. But 
does this similarity prove any necessary relation between the 
two phenomena? 


100 p. cit., 226. 

UOp. cit., 102 ff. 

2] bid., 127 f.; cf. Herwig, op. cit., 150 ff. 
bid., 


uO 
Arch. f. d. ges. Psychol., 52, 1925, 333. 

“Cf. Scola, loc. cit. 

17Kliver, op. cit., 127 ff., 171 ff. 

18Unquestionably too RB is made of the distinction between AI and EI on the basis 
of the method of arousal (i.e. fixed vs. roving regard). Cf. K. Koffka, Psychol. Forsch., 3, 
1923, 137. The instructions to produce an EI by looking at the stimulus ‘‘much as one 
would look at any picture” do not, of course, preclude fixation. It is only natural that 


negative coloration should ly under such an Aufgabe. 
190. Kroh, Subjektive Anschauungsbilder bei Jugendlichen, 1922, 24, 28; Jaensch, Ber. 
tiber d. VII Kong., 1922, 3. 
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An experimental error should be noted at this point. In 
order to demonstrate the phenomenon of the EI to his Os, 
Jaensch first has them develop an AI.?° “‘What a ‘real image’ 
is can best be shown by having a customary physiological Al 
produced at the beginning of the investigation, a thing which 
we always did in our mass investigation, in which we obtained 
our cases with EI. None of these observers localized the El in his 
own head.’ It is probable that the attitude aroused through 
the first experiment determines the localization of the EI.” 
Even in the production of the EI with closed eyes the procedure 
is first to observe the stimulus upon a background, then to 
observe the image in respect to the retinal gray when the eyes 
are closed.“ The localization naturally tends to remain out- 
ward under such an Aufgabe. 

To be sure Jaensch himself has said that “the localization 
of the EI is determined by the Aufmerksamkeitsort.”* But 
this statement apparently is not meant with its full significance. 
He means that attention determines where in visual space the 
image will be localized, not whether it will be located inside or 
outside the head. 

There is in reality nothing to account for the phenomenal 
projection of either the AI or the EI excepting attitude. How 
true this is of the AI Braddock has shown: “An attitude of one 
sort may give the AI sharp outline and definite texture .. . 
but as soon as this ‘objective’ attitude becomes ever so slightly 
critical, the localization ceases to be definite, the outlines 
blurred, and the image is again essentially soft and insubstan- 
tial.” This variability in localizing an image was long ago 
noted by Galton: “The place where the image appears to lie, 
differs much. Most persons see it in an indefinable sort of way, 
others see it in front of the eye, others at a distance correspond-. 
ing to reality. There exists a power which is rare naturally, but 
can, I believe, be acquired without much difficulty, of projecting 
a mental picture upon a piece of paper, and of holding it fast 
there, so that it can be outlined with a pencil.’ 

It should be noted that the attitude of children is charac- 
teristically so concrete, so dinghaft, that a tendency naturally 
is present to project images if they are vivid enough and com- 


20Jaensch, Die Eidelik, 5 

21Jaensch, Aufbau der Wahrnehmungewelt, 1923, 

Perhaps "the commonest deficiency in technique i - ihe failure of certain of the Marburg 
investigators to control such factors as serial order. 

2% Jaensch, loc. cit. 

*%Jaensch, op. cit., 59 

%C. C, Braddock, this JouRNAL, 35, 1924, 166. 

*F. Galton, Inquiries into Human Facu ty, 1893, 99. The suggestion which Galton 
makes here that eidetic powers can be cultivated (or, if Jaensch is right about the re- 
cession of the ability in adolescence, re-cultivated) deserves investigation. An artist 
told the writer that he had with a little effort regained much of the eidetic prowess which 
he had as a youth. 
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plete enough to simulate perceptual data. It is probably for 
this reason that confusion in the child’s mind often occurs 
between appearance and reality. 

It is perfectly natural for the adult also to regard the AI 
or the EI as existing in perceptual space. Habit associates 
all retinal stimulation with the physical world, and only with 
the “critical attitude,” which Braddock speaks of, can we pre- 
vent an extraordinarily vivid image from cleaving to a ground 
and obeying the laws of visual stimulus. 

That the AI and the EI are both characteristically projected 
does not prove any inherent relation between the two. Both 
are vivid images (the one probably peripheral, the other prob- 
ably central). But since all vivid visual experience, with a few 
exceptions, arises in the outer world, the exceptions themselves 
take on, by virtue of association, pseudo-spatial attributes. 

The “‘tension in the visual organ’’ reported for both the AI 
and the EI is only another factor in the same associational com- 
plex. Whenever visual space is under regard, accommodation 
and convergence produce their natural kinaesthesis. It is to 
be expected that when the gaze is directed in a kind of search 
for the projected image, that the same kinaesthesis will result. 
The tension indeed may be stronger than that obtaining for 
normal vision.2”. This condition is natural when we consider 
the conflict in kinaesthesis resulting from the tendency to fixate 
the projected image, and the simultaneous tendency to retract 
the muscles in face of a phenomenon which is recognized (nor- 
mally) as having only a subjective existence. 

(4) Occasional resemblances. Other characteristics offered 
to demonstrate a relation between the AI and EI are not 
claimed by the Marburg school to be invariable. The EI may 
under certain circumstances 


, (a) Te a weight or intensity in respect to the ground as great as that 
of the A 

(b) show as little, or as much, three-dimensionality as the AI;?° 

(c) show as much narrowing of the visual field as in the case of the AI 
(i.e. a decrease in the distance from the center of the image to the position 
at which a peripheral stimulus is effective) ;?° 

(d) pt eo. with the projection ground as closely as does the AI;*! 

(e) tend (though rarely) to conform to Emmert’s Law;* 

(f) be produced through fixation, as is the AI. 


Now if these minor resemblances be considered, it will be 
seen that the last in the list rather naively contains a surrender. 


27Kroh, op. cit., 28. 

Busse, Zsch. Psychol., 84, 1920, 27 

31; E. Gottheil, Zsch. f. 1921, 87 ff. 
s0Busse, op. cit., 26. 

21Krellenberg, op. cit., 105. 

“Herwig, op. cit., 144. 

*Krellenberg, op. cit., 98 ff.; Herwig, op. cit., 139 ff. 


THE EIDETIC IMAGE AND THE AFTER-IMAGE 423 


While wielding their measuring instruments the investigators 
have lost sight of the fact that that which they have called 
an EI is without doubt often an AI (since it “‘can be produced 
through fixation”’). It is not strange under such conditions that 
the behavior of the image should conform to that of its own 
genus !*4 

(5) Types. A large amount of the writing of the Marburg 
school is devoted to a relating of the EI and the AI through these 
questionable occasional resemblances. In place of a recognition 
of the simple fact that where close resemblances occur there is 
probably a true AI involved, there has grown up a cluster of 
“‘psycho-physical types’ to explain the behavior of the “ei- 
detic’”’ image which is in most respects vorstellungsbildnah and 
again so strangely nachbildnah. 

The most striking creation of this nature is the theory of 
the “Unitary Type.”’ An individual of this type “cannot pro- 
duce negative Al; even with protracted fixation he is able to 
secure only an EI in natural colors. . . . Likewise he is 
unable to produce true MI, for these pass over immediately 
into EI. The original Eidetic Unity is likewise close to per- 
ception, and can often be interchanged with it.’* An in- 
spection of Krellenberg’s records however, as Koffka has shown, 
reveals that he has much overstated his case.*7 Most of his 
argument is based upon the criterion of the Invarianzgrad. 
Kliiver more recently has failed to find that any fruitful com- 
parison can be made between the AI and EI in this regard, and 
states that he could not discover evidence for the “Unitary 
Type.’*® The writer has previously given his reasons for 
doubting the existence of the type.*® 

The doctrines of “types”? seem to be to a large extent a 
superfluity. Many of the alleged resemblances between the AI 
and EI are due to the fact that the EI is often nothing excepting 
a misnamed AJ; or, in cases where it seems to occupy a middle 
ground between the AI and MI, it simply shows the effects of 


Scola (op. cit.) and Koffka (op. cit.) have made the same criticism. Ina recent counter- 
attack (Zsch. f. Psychol., 102, 1927, 35-36), Jaensch accuses the Gestalt school of exalting 
unduly the physiological 'Al, even to the point of declaring it an open sesame for phenomena 
which are purely mnemic. in refuting Koffka, Jaensch points out the numerous differences 
between the Al and EI, thus stressing the essential affinities between EI and MI. In so 
doing, Jaensch seems unintentionally to lend weight to the argument of this paper, that 
whenever the EI can be proved to be free from confusion with the AI, it is merely a member 
of the family of MI (his declaration on p. 46 notwithstanding). Herwig too, it seems, 
(op. cit., x40-246) leans backward so far to avoid the accusation of confusing AI and EI 
that he falls into a position of identifying the EI and MI. It is indeed difficult for the 
Marburg workers to occupy two stools at once, declaring at the same time their inde- 
pendence of either! 

%Jaensch, Die Hidetik, passim; also W. Jaensch, Monatschrift f. Kinderheilkunde, 22, 
1921, I-10. 

*Krellenberg, op. cit., 117. 

37Koffka, op. cit., 

asKliver, op. cit., 

0G. W. Allport, Bre J. Psych., 15, 1924, 113 f. Jaensch has replied (Die Hidetik, 25 
ftn.) without materially altering the force of the objections. 
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the partial arousal of the complementary color processes. The 
only resemblance which is found to obtain invariably between 
the AI and EI is the tendency toward projection of the images 
into perceptual space. No vital connection need exist between 
the phenomena on the basis of this resemblance, since as it has 
been shown associational processes readily account for the pro- 
jection in both cases. 

Turning to the other alleged affinity, that obtaining between 
the EI and MI, the evidence is more convincing. In fact, the 
EI readily show itself to be a special variety of MI. Some of the 
substantial identities may be summarized as follows :*° 


(a) both are influenced in content according to interest and other 
associative determinants; 

(b) a brief exposure of the Vorlage serves to arouse both types of 
image; the slightly longer time usually required for the EI (circa 10 sec.) 
is simply because more detail and greater clearness are expected in it; 

‘ A e- the frequency of production conditions the clearness and intensity 
of bot. 

(d) ’ the richness and detail of both greatly exceed that of the opti- 


mum AI; 

(e) the content of both is influenced by preceding images; 

(f) both alter their content within the limits of experience at will; 

(g) ifcolored at all, both tend to retain their original color; 

(h) their behavior under conditions of distraction stimuli is the same; 

(i) they persist as long as desired, and recur after intervals of time, 
sometimes bidden, sometimes unbidden; 

(j) they grow indistinct and less accurate with disuse 

(k) they may arise spontaneously (i.e. without Rated. which of 
course is never the case with the AI. 


Although in all these respects the EI shows that it is a 
member of the general class of MI, it does possess features 
which distinguish it in degree. It is completer, livelier, more 
accurate. The usual MI is skeletonized, faint, conceptual. 
EI, like hallucinations, are projected, but this fact does not of 
itself prove that these images are not essentially a variety of 
what is here called the MI. The point of the present argument 
is that whatever MI is lively and accurate enough to simulate 
perceptual data tends to acquire the kinaesthetic context which 
gives it the added attribute of pseudo-spatiality. 

Is it profitable to distinguish at all between the EI and the 
MI? Shall we not call the former merely a vivid visual image,“ 
or else accept Martin’s designation,“ ‘“‘projected memory 
image?” The writer is inclined to answer ‘no’. For various 
reasons it seems desirable to retain a distinction in terms. 


an “°For a more complete account of these resemblances, see opp. citt. Kroh, Scola, and 
port 
Jaensch, Ber. iiber. d. VII Kong., 1922, 
“Still equivalent to Vorstellungsbild, not | rn Cf. H. Ebbinghaus, Grund- 
siige ologie, I, 1919, 568. 
‘ox insists upon doing: Educational Psychology, 1925, 81. 
- V. Martin, Zach. f. Psychol., 61, 1912, 321 ff. 
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In the first place, the signal discovery by Jaensch, that this 
particular variety of MI is a dominant characteristic of the 
child’s mental content but not of the adult’s, necessitates a 
distinctive term of reference. Secondly, certain of Jaensch’s 
inferences regarding the probable significance of eidetic imagery 
for aesthetics, education, epistemology, and psychology merit 
careful investigations. For this reason it is well to retain his 
terminology.“ Finally, it seems desirable always to discrimi- 
nate between members of the family of MI as fully as possible, 
for only through such analysis can the ultimate problems of 
imagery receive light. 

In conclusion the writer wishes to express his sense of great 
obligation to Professor Jaensch and his co-workers. Even 
though the eidetic image be no more than a vivid, accurate, 
projected type of memory image, its nature and its significance 
lay almost unrecognized until the enthusiastic explorations 
of the Marburg school. To indicate certain inadequacies in 
method and in theory is not to deny to these investigators a 
grateful recognition of their work. 


“For a discussion of English equivalents, see Allport, op. cit., 100 (footnote). 


EYE-MOVEMENTS AND VISUAL AFTER-IMAGES 


By Cart N. Rexroap, Ohio State University 


The author accidentally noticed that, after the tip of an 
electric light bulb had been fixated, the after-image which ap- 
peared when the light was switched off drifted in the direction 
of the filament from the tip. After fixating various points on 
the bulb, the direction of movement would always be that of 
the filament from the fixation point. On close scrutiny he was 
convinced that the drift was due to a turning of the eyes. This 
suggested a relation between eye-movements and after-images 


and led to the investigation here reported.! 

Method of developing the after-image. In all parts of the investigation 
after-images were developed by requiring the S to fixate for 20 sec. a small 
square to one side or above or below a 1}-in. brightly illumined one. 
These 5 squares were cut in the center of a 2} x 2} ft. gray cardboard, the 
4 small fixation squares being } in. from the edge of the large or stimulus 
square. Back of these was placed a piece of ground glass and back of it 
a 40-watt light. The bulb was mounted in a chalk box, the ground glass 
replacing the lid. The chalk box was placed upon an adjustable cross arm 
between two uprights. The S stood with the squares 3 ft. directly in front 
of him, and adjustment was made so that they were on a level with his 
eyes. Work was done in a dark room. 


PRELIMINARY STUDY 


The first problem was to determine whether drifts similar 
to those accidentally noticed occurred for others. Ss were 
instructed to fixate one of the small squares designated by the 
experimenter. The room lights were turned off and the stimulus 
light turned on. When the stimulus light was turned off, the S 
was requested to report the onset of the image and then was 
asked if it were standing still. Ten Ss were employed, an after- 
image being developed for each S with fixation on each of the 
small squares. Without exception movement was reported, and 
always the direction was that of the large square from the 
fixated one, e.g. when the large square was to the right of the 
one fixated, movement was to the right. 

These Ss and the author acting as S noted several other 
points that might be brought out with fuller instructions and 
with other procedures, and as a consequence further investiga- 
tion was developed along three lines. 


*Accepted for publication June 29, 1917. 
_!The author wishes to acknowledge the assistance of Edward R. Pfleiderer, who ef- 
ficiently carried out the routine work of the experiment. 
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EYE-MOVEMENTS AND VISUAL AFTER-IMAGES 


Matin EXPERIMENTS 


Part I 


Procedure. Ss in this part of the experiment were given the 
following typewritten instructions and were allowed to ask 
questions concerning them: 


“When the light back of the cardboard is turned on, you are to fixate 
one of the small squares. The —— will tell you which one. Be 
sure to hold your eyes continuously on the square designated. When the 
light is turned off, try to retain your fixation toward the same place. An 
after-image will appear, and you are to notice whether it moves; if so, 
notice the direction of movement and the number of times movement oc- 
curs. Be sure, however, to retain your original fixation point. When the 
image has disappeared say, ‘Now,’ at which signal the experimenter 
will turn on the room lights. Just as you say ‘Now’ fixate the place where 
you consider the square is, and be prepared to locate this point for the 
experimenter.” 

With these instructions 25 Ss were used. Each reported 8 after-images: 
2 for each of the 4 fixation-points. 

Results. The results are shown in Table I. 


TABLE I 


Direction Drifts End-fixation 
of large Direction Av. di 
square of drift | Av. ee Position 
from small tance 


Right ; 10.2 32R 11R+D 7R+U 
Upward : 10.0 38U 12U+R 

Left II.9 34L 11L+D 5L+U 
Down- 
ward 5. 13.6 38D 12D+R 


Columns 2, 3, and 4 of the first row are made up from 50 
reports similar to the following: ‘The image moved straight to 
the right. It would move out about 12 in. and then disappear 
and then reappear near its original position and again move 
to the right about the same distance. It did this 7 times.” 
It will not, the author believes, be questioned that the eyes 
turn, and that when they have turned a maximum they jerk 
back, due to the intra-organic factors. Nearly all Ss who were 
for the most part students in elementary psychology, noted 
their own eye-movements and were quite impressed by their 
inability to control them, 7.e. to keep the image from drifting. 
Further evidence of eye-movements was secured in one phase 
of the preliminary studies. Faint general illumination was used 
while the after-image was present, and by watching the S’s 
eyes the £ could tell when the image was drifting, the direction 
of drift, and the instant of disappearance. 

Columns 5 and 6 of Table I are derived from the position 
given by the Ss as that where they considered the stimulus 
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i Av. dis- 
tance 
Right 5.3 
Above 5.0 
Left 4.8 
Below | a 


428 REXROAD 


to be after the image had disappeared. These positions were 
indicated sometimes by pointing and sometimes by verbally 
directing E until he touched the position. The fact that the 
position given was always in the direction toward which the 
image had drifted indicates that there was not only eye-move- 
ment but also head and body movement. Three Ss made such 
extensive body turns that their data could not be included. 
The extreme case was encountered when one S, who had fixated 
the small square below the large one, toppled over backward, 
reporting that he had no suspicion that he was leaning backward 
until balance was irretrievably lost. He, as well as the other 
two who made these marked body movements, was quite sur- 
prised to find himself, after fixating the square to right or left, 
facing far to the left or right, and this surprise continued through 
the various trials. 

Discussion. Assuming that the drifts are due to eye-move- 
ments, the question arises as to the explanation of the direction 
of the eye movements. One is immediately reminded of Loeb’s 
studies of heliotropisms and his theory to account for them. 
If the eye be regarded as a positively heliotropic organ, stimu- 
lation from the left should induce a heightened tension in the 
recti attached to the left side of the eyeball, from above in the 
superior recti, etc. Eye-movements of infants in fixating and 
following a bright light conform to this theory. The eye-move- 
ments which give rise to the apparent drift of images in the 
present investigation also follow these rules. During stimula- 
tion the tendency of the eyes to fixate the center of the large 
square is overcome by reénforcement from the instructions to 
fixate a designated small square, but when the stimulus light 
is turned off, there are no impulses arising from the small square 
to be reénforced and the conditions—sensory, neural and mus- 
cular—imposed by the highly illumined 13-in. square come into 
evidence. The persistence of these conditions may be accounted 
for in terms of continued excitation in the retina, by the con- 
tinuation of the gradient pattern imposed on the nervous 
system, or by the activity of homedetic arcs. In short, it seems 
safe to conclude that the pattern of stimulation for each position 
of fixation sets up a particular and persisting pattern of tension 
in the eye muscles and most probably in the head and bodily 
musculature as well. If the individual were to fixate the center 
of the large square, it is to be supposed that a tension pattern 
would be imposed, but that due to antagonistic action of the 
muscles no movement would occur. No drift was reported 
— such conditions by Ss employed in the preliminary 
studies. 

This part of the experiment lays bare the positive helio- 
tropism of the eyes and brings out the fact familiar to all in- 
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vestigators that images will drift with eye-movements. There 
is, however, one observation that suggests a more intimate re- 
lation between the image and tensions in the eye muscles. 
When the eyes jerk back to the forward position, the image 
disappears, as though the tension which is imposed by the 
stimulation were a necessary correlate of the image or, as the 
behaviorist might say, were the image. If, for example, stimu- 
lation has been such as to impose a movement to the right, 
movement to the left from intra-organic stimulation destroys 
the image, which is practically equivalent to saying that when 
the image is destroyed it is destroyed. If this intimate cor- 
relation or identity of image and eye tensions exists, Ss should 
not report the presence of an image when they are caused to 
make movements incompatible with the one imposed by stimu- 
lation. The second and third parts of the investigation were 
devised to discover whether such reports would be made. 


Part II 


Procedure. In the second part of the experiment all the Ss 
fixated the small square to the left, so that the imposed eye- 
movements would be to the right. As soon as the image had 
appeared, dim lights were turned on and the Ss were instructed 
to fixate and to follow a knot on a string. The knot could be 
moved by E£ slowly to the right or left. 


Results. When the knot was moved to the right the image 
remained, proceeding along with the knot. The eyes turned 
smoothly without any evidence of the characteristic fixation 
pauses and jumps. When, however, the knot was moved to 
the left, the first reports were that the image stood still or even 
moved to the right, and then disappeared when the eyes 
jumped to the left to catch up with the knot. It was apparent 
to E and the Ss that the eyes were not really following the 
knot in these cases, and hence the Ss were instructed to make a 
greater effort to follow the knot closely. With this added effort 
19 of the 25 Ss, who were either members of the staff or graduate 
students, succeeded in following the knot to the left, and re- 
ported that the image was absent while doing this. The knot 
was moved as far as 18 in. The other 6 Ss continued to make 
jerky movements while attempting to follow to the left, but all 
reported that the image appeared when they turned their eyes 
right to go back, as it were, to see if they could not pick up the 
image. As soon as it appeared, they would turn back left to catch 
the knot, when the image would disappear. E noticed that they 
made movements of a nystagmic sort rather than pauses and 
jumps, the rivalry between the movements imposed by the 
stimulation and those imposed by attempting to follow the 
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knot being thus evident. While the movements imposed by the 
stimulation were in ascendancy, the image was present, and 
while those involved in following the knot were in ascendancy, 
the image was absent. 


Part III 


Procedure. After the image had been developed, Ss in this 
part of the experiment were instructed to fixate at a signal one 
after another four X-marks which were made with pencil on 
the cardboard. 


The X-marks were 4 in. from the center of the stimulus square, one 
above, one right, one below, and one left. The X-mark to be fixated was 
designated by calling out ‘above’ or one of the other words that designated 
the other 3 positions. At this signal the X-mark was fixated and as soon 
as an image had appeared while fixating the particular X, S said ‘Now’ and 
again fixated the center of the square until a signal was given to fixate 
some other X. After a stimulation the S was requested to fixate 12 times. 
3 times on each of the 4 X-marks. The order in which the fixations were 
called for was made out beforehand to give a random series. Each S was 
given 20 stimulations while fixating each small square. Thus, after 
fixating the small square to the right, fixation was made 60 times for each 
of the 4 X-marks and likewise after fixating each of the other small squares. 
To fixate the X in the same direction from the center of the square as the 
direction of the large square from the fixated square required a movement 
compatible with that imposed by stimulations; to fixate the X in the op- 

site direction required a movement directly opposed to the one imposed 
y stimulation, and to fixate either of the other two X-marks required 
a movement at right angles to the one imposed by stimulation. 

The time taken for the image to . re after making any one of these 
movements was secured by means of a stop-watch. The watch was 
started simultaneously with the giving of the signal to fixate a particular 
X and stopped when the S said, ‘Now.’ This time, shown in Table 
II, includes the time consumed in making the fixation and E’s reaction to 
‘now.” To secure the true time for the appearance of the image after 
fixation, there should be subtraction. The amount to be subtracted was, 
approximately, one second, being found by giving a signal and having S 
report ‘now’ as soon as fixation was achieved. 


Results. The results are shown in Table II. 


For M the table shows in the first column of figures that 
after stimulation with the large square below the point of 
fixation it required for the report of the appearance of an after- 
image an average of 1.3 sec. when requested to fixate the cross 
in the same direction (below), an average of 3.1 sec. when 
directed to fixate the cross at right angles (left or right) and an 
average of 4.1 sec. when requested to fixate the cross in the 
opposite direction (above); 1.3 and 4.1 are averages of 60 
reports, while 3.1 is an average of 120 reports. 

It will be noted that in all cases the average time required 
to report an after-image is shortest when the S is directed to 
fixate the X in the same direction, the movement required being 
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one compatible with the tension imposed by stimulation. For 
the 3 Ss in order this average time is less by 1.7, 1.4, and 1.0 
sec. than the average time when the S is requested to fixate X- 
marks at right angles, differences which are 7.9, 18.5, and 
23.8 times the sigmas of the differences, and is less by 2.6, 2.7, 
and 1.8 sec. than the average times when the S was directed to 
fixate the X in the opposite direction, differences which are 26.3, 
20.5 and 25.7 times the sigmas of the differences. The average 
time for reporting an after-image when the S fixated X-marks 
at right angles is 1.1, 1.2, and 0.8 sec. less than the average for 
the X in the opposite direction, differences with reliabilities of 
10.5, 9.0 and 12.1. It seems, then, that the differences are un- 
questionably significant ones. 


TABLE II 


Direction of large square 
Position of X from small fixation square 
Above Left Right 
in same direction me) 


at right angles 
to direction of 
large square from 
one fixated 


in opposite 3: 
3 


Discussion. The differential times found in this part point 
to the same relation between the image and eye-movements as 
did Part II. Suppose that stimulation has been such as to 
impose a tension which tends to turn the eyes to the right at a 
certain rate. If, in responses to a signal to fixate the X to the 
right, the eye is turned more rapidly, the image is not reported, 
but as soon as this movement is slowed by virtue of the X com- 
ing into the line of vision the image appears; while if the signal 
given is for fixation of the X to the left the fixating movement 
must be stopped and movement in the opposite direction 
started before the image appears. Ss reported that the image 
appeared almost simultaneously with the seeing of the X to the 
right and that the image continued to move on to the right, 
while it did not appear until after the X to the left had been 
held and fixated for some time. They further reported that 
after a time the fixation on the X to the left began to waver, 
and that as this wavering began, the image appeared and 
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started moving to the right. The time differences and the 
reports thus bring out the fact that there must be movement of 
a particular sort when the image is reported. 


GENERAL DIscussION 

The correlation of image and movement had been proposed 
by Washburn as a theory without direct evidence. She states, 
“the power of getting true spatial images seems to be bound 
up closely with the power of moving the sensitive surface. We 
get our best tactile space perceptions through active touch, 
involving movements of the hands and fingers; our visual per- 
ceptions are profoundly influenced by eye-movements.’ The 
present writer takes this as a concise statement of the thesis 
presented in Washburn’s book, Movement and Mental Imagery. 
It seems to him that she is not far from proposing identity 
between specific movements and particularized images, in 
which case the term ‘image’ describes not a mental experience 
but a form of behavior. On the basis of the present investi- 
gation it seems that this identity can as well be maintained as 
can that of emotions and visceral activities or of thoughts and 
implicit substitutive responses. In other words it seems justi- 
fiable to hold that the image is a specific pattern of muscular 
tension. 

This view may be argued from the data obtained in the 
studies of illusions. The illusion has been regarded by various 
investigators as depending upon the eye-movements made. 
The behaviorist would prefer to drop this dualism with one 
thing depending upon another; he would prefer to say that 
seeing is in part eye-movements, rather than that seeing de- 
pends upon eye-movements. 

Also in line with this argument is the proposal by Joseph 
Peterson to discard the term ‘local sign’.* He argues that locali- 
zation is localization and not a shading or peculiar and un- 
definable quality of sensations. To perceive the location of a 
stimulus is to orient or tend to orient in a specific way. It is 
but one step beyond this to say that to perceive the form of a 
stimulus patch is likewise to orient or tend to orient in a definite 
manner or, as we have stated, to have an image is to have a 
specific pattern of muscular tension. 

This view of the image has been proposed by Weiss‘ as the 
necessary one for behaviorists, but he was forced to admit the 
inability of behaviorists to localize the contractile effects in 
responses called imaginal. This investigation, it seems, makes 


*M. F. Washburn, The Animal Mind, 3rd ed., 1926, 237. 
3J. Peterson, Local signs as orientation tendencies, Psychol. Rev., 33, 1926, 218-236. 
4A. P. Weiss, A Theoretical Basis of Human Behavior, 1925, chaps. XI and XII. 
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it possible to refer the contractile effects of visual images rather 
largely to the recti. These contractile effects do not ordinarily 
reveal themselves because of the antagonistic actions involved 
but under the conditions established in this experiment they 
result in movement because of the unequalness of contraction 
in antagonistic muscles. 

If images are regarded in this manner, then the appearance 
of memory images becomes readily understandable in terms of 
the conditioned reflex. An object which gives rise to a definite 
pattern of visual stimuli would give rise to a definite pattern of 
tension in the recti and bodily musculature and other associated 
stimuli would become capable of eliciting this tension pattern, 
so that the individual would seem to see the object in its ab- 
sence. 

SUMMARY 

(1) After a small faintly illumined square beside a brightly illumined 
one had been fixated for a time the eyes will, when the stimulus lights are 
turned off, turn in the direction of the brightly illumined square. An 
image will be reported as present and drifting in the direction of the eye- 
movements. 

(2) When the eyes make some other movement incompatible with 
that imposed by stimulation no image is reported. The eyes will make 
such a movement after they have turned a certain distance (Part I), and 
also when the individual is directed to follow a knot moving in the direction 
opposite to the direction of stimulation-imposed movement (Part II), 
or is requested to fixate a point in the opposite direction (Part III). 

(3) These findings lead to the conclusion either (a) that the visual 
image and recti tensions are correlated, or (b) that the visual image is in 
large part recti tensions. The author favors the latter conclusion. 
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AN INTERPRETATION OF AESTHETIC EXPERIENCE 


By Frepprick H. Lunp and Anna Anastast, Bucknell University 


The art forms and their object, the aesthetic experience, 
have always claimed a fair share of man’s interest, and, in fact, 
have been cultivated with a perseverance almost unequalled in 
any other sphere of human endeavor. But this interest, so 
generally accorded to aesthetics, has been attended by only 
few and hesitating attempts at scientific determination in the 
field. Doubtless the extremely subjective nature of aesthetic 
evaluations and the absence of adequate technique in dealing 
with them have been responsible for this lack of scientific treat- 
ment. Theories on the subject have been plentiful enough, but 
they are sadly wanting in agreement and fall short of any 
systematic account of the conditions uniformly associated with 
the aesthetic. 

The shortcomings of earlier accounts are also attributable 
to an attitude purely objective, 7.e. an interest in the materials 
of art (paintings, sculpture, music, etc.), in the stimulus or 
the objective medium, rather than an interest in the experience 
itself and the principles determining it. But for the psycholo- 
gist, at least, beauty and the aesthetic cannot inhere in the 
object apart from the subject or observer. It is this circum- 
stance of viewing art objectively instead of in its stimulus- 
response relationships which has been responsible for the general 
absence of recognition of common elements in the diverse ma- 
terials which arouse the aesthetic attitude. The literary forms 
of art are treated apart from the plastic forms, the visual apart 
from the auditory, the spatial apart from the non-spatial. 
Objectively, they are, of course, distinct. Objectively, there is 
no similarity between music and architecture, between paint- 
ing and sculpture, between a gem and a poem, a symphony and 
a cathedral. Subjectively, however, they occasion similar 
feelings which make them classifiable under one head, the 
aesthetic. 

The object of the present study is to present a new method 
of experimental approach, and on the basis of available data to 
seek a more inclusive interpretation of the principles operating 
through the mediumship of different forms of artistic material. 

For the artist, the object of his profession must be to express 
beauty in form, color, sound, speech, or movement. For the 


*Accepted for publication October 1, 1927. 
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psychologist, the object of art is to produce certain desired 
emotional experiences by means of stimuli most effective to 
that end. The artist is engaged in the construction of objects 
and combinations of stimuli through which he may perpetuate 
some desired but too fleeting experience, and convey to others 
the emotional states he himself finds good. What we want to 
know, then, is not simply the nature of the stimuli most ef- 
fective in this respect, but the characteristics of the reaction- 
sequence which has the desired tonal quality. 

That some degree of uniformity exists in the stimuli having aesthetic 
value for different individuals should help us in discovering the inherent 
factors providing for the agreeable tone of the experience. It is no doubt 
because of the greater uniformity in the sound stimuli having this tonal 
value that modern experimental work has been so largely limited to the 
elements of musical composition. This sphere of artistic endeavor may 
also have appeared more accessible because the elements of construction 
are so much more obvious and thus lend themselves more readily to 
scientific treatment. In view of these circumstances we may profitably 
take the aesthetic experience attending music as our point of orientation. 
No detailed discussion, however, can be given either of the experimental 
work in this field or of the results obtained. For these we suggest to the 
reader Bingham’s Studies in Melody as one of the best references. 


Aesthetic value is found to inhere in tones or musical 
sounds, not when heard singly, but when combined to form a 
melody, defined by the musician as a rhythmic composition of 
related tones, dominated by a single element, the tonic, and 
expressive of a characteristic motive or idea. This statement 
must be regarded as an objective description of the stimuli, and 
is not psychological. Introspectively, the notes forming a 
melody and capable of arousing the aesthetic attitude seem to 
follow each other with a certain naturalness and inevitableness. 
One seems prepared for the successive reactions touched off by 
the series of stimuli. What the musician calls tonality, or re- 
latedness of the melodic series, is felt subjectively to be a set 
of expectations aroused with the occurrence of the leading note, 
and progressively organized as the melody proceeds.’ 

Now may it not be that somewhat similar conditions obtain 
where visual stimuli gain aesthetic potency, and that our re- 
actions to spatial elements acquire aesthetic value when they 
are so related that each leads naturally over into and prepares 
us for the next. What could we mean otherwise by harmony of 
construction in a visual presentation? Is it not possible that 
just as the demands or expectations of the hearer must to some 
extent be fulfilled if a series of notes is to be accepted as a 


1W. Van Dyke Bingham, Studies in melody, Psychol. Monog., 12, 1910, no. 50, vi, 88 
2*Cf. Bingham, op. cit., 37. 
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melody so, too, the anticipations and preparedness to react in 
visual observation must to some extent be satisfied in order 
that the presentation may qualify as aesthetic? 

The resemblances in musical design and spatial design must 
indeed be obvious even to superficial observation. Both seem 
to require balance and symmetry. In both, harmony is 
wrought through the dominance of a given element or through 
the presence of some principle of integration. Again, just as in 
musical design there is an ‘antecedent and consequent’ relation- 
ship between the notes, a re-echoing of the corresponding parts, 
so, too, in spatial design the lines and forms drawn in one part 
demand complementary construction in corresponding parts. 

These, in fact, are the conclusions to be drawn from a series 
of simple experiments performed by the writers. While the 
investigators of the aesthetics of form have usually provided 
their subjects with the materials considered aesthetic, and then 
asked for an order of merit arrangement of the material, or a 
rating of it on an aesthetic scale, it was believed to be equally, 
if not more, desirable to use a ‘completion method’ in the case 
of which only certain elements were furnished and the subjects 
required to add to these such other elements as would give the 
completed figure the most aesthetic effect. 

130 Ss, all students of psychology in Barnard College, were 
put through these experiments. The material was arranged 
in three sets, A, B, and C. The instructions for Set A were: 


Add to each figure such lines or elements as will give to the 
presentation the most satisfactory, pleasing, or aesthetic effect, 
without making the completion too great a departure or elab- 
oration of the given elements. 

In Plates I and II the figures under the head of ‘original 
figures’ are representative of the structural elements in Set A. 
The numerals below the completions indicate the number of 
times (expressed in percent) these particular completions oc- 
curred. In these results a strong tendency to complete the 
figure in accordance with some familar object becomes ap- 
parent. In fact, the given figures are elements of familiar 
figures more or less completely reproduced. Thus in Plate I 
Figs. 1-8 represent elements of a star; Figs. 9-13, a flower ve 
sign; Figs. 14-16, sectors of a circle. In Plate II Figs. 1 
represent elements of the Greek cross; Figs. 4-10, lines ame 
ing to a vase. It is not surprising that, as in Figs. 1-8 (Plate I), 
the tendency to draw the star should increase according to the 
redintegrative efficacy of the figure, or according to the com- 
pleteness with which the elements composing the star are 
present. What shall be drawn depends upon the suggestive or 
redintegrative value of the element present. In Figs. 14-16 
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(Plate I) the tendency to draw the crescent is greatest when the 
are is presented in the familar position most suggestive of the 
crescent. The importance of the familiarity principle will be 
given more attention later in the discussion. It doubtless de- 
pends on the fact that reaction tendencies already established 


Original | Completed figures I Original | Completed figures 
figures figures 


Puate I. CompLEeTION OF SOME OF THE FIGURES USED IN Set A 


The numerals below the figures indicate the number of times (expressed 
in percentages) these particular completions occurred 


in the individual are, other things being equal, more pleasant 
than unfamiliar ones. In music the principle asserts itself 
most strikingly in the case of melodies which become more 
pleasing}with repetition. 
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Another outstanding feature of the completions is the strong 
desire for balance and symmetry. These requirements belong 
to the alphabet of aesthetic theory and are easily traced to an 
experiential basis. Lack of balance suggests instability and 
unrest, while the equal weighting of both sides with reference 
to a central point or fulcrum gives the spectator the agreeable 
sense of poise and stability. We like symmetry because of its 
suggestion of orderliness, which in turn makes for intelligi- 
bility and ease in grasping the significance of the whole. Such 
orderliness appears to be most effective when the repetition of 
the motive or dominant element is introduced with variations, 


Original Completed figures Original Completed figures 
figures figures 


1 5 
| 


2 6 
7 


d id 


4 8 
9 10 


36 42 


Puate II. CompLetTions oF SOME OF THE FIGURES USED IN Set A 


The numerals below the figures indicate the number of times (expressed 
in percentages) these particular completions occured 


without, however, destroying the unity of the whole. In fact, 
unity in variety is a feature common to most aesthetic forms. 
Unity facilitates reaction and diversity is mentally stimulating. 
The chief difference between primitive and modern art is the 
extent and subtlety with which variations are introduced 
while still preserving a certain uniformity with balanced re- 
lationships. The chief difference between popular and classic 
composition (most apparent in music) is in the amount of 
diversity in theme and construction. 
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The conclusions were confirmed in the subjects’ introspec- 
tions, the most representative of which we quote: 


“The suggestion of rhythm obtained through repetition was pleasing.’’ 
‘Desired to make the figures balanced and symmetrical.” 
“Figures were most pleasing when the lines could be made into a some- 
what familiar figure.” 
“It seemed that my personal experience had something to do with how 
the figure should be ia order to be most pleasing.” 


Original Completed figures 


20 Che 


figures 
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Puate III. Compiertions or SoME OF THE FIGURES USED IN Set B 


The numerals below the figures indicate the number of times (expressed 
in percentages) these particular completions occurred 


Set B called for completion of the figure through the addi- 
tion or duplication of elements given in the figure. The results 
of typical figures are given in Plate III. A difficulty which 
became apparent from a preliminary experiment was the strong 
tendency to add to the right of the figure because of motor 
habits in writing. To take due account of this as a determining 
factor in the completion it was necessary to present each figure 
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a second time in the reverse order of the first. Only after com- 
paring the results of both arrangements does the true tendency 
become evident. Thus, it is only when the results of both Fig. 1 
and Fig. 2 are considered that the preference for the descending 
series with the heavier element in the center (doubtless due to 
the stability principle) becomes apparent. 

In all completions symmetry and balance are observed by 
preference for beginning and ending on the same element. 

In Figs. 3, 4, 5, and 6 (Plate III) the interest of the experi- 
ment was in determining whether there was any preference for 
beginning and ending on a descending element rather than an 
ascending one. The results show no marked preference. 

Comparing the results of Figs. 9 and 10 with those of 11 and 
12, it appears that in the former there is a preference for be- 
ginning and ending on the major element. This has its analogy 
in music in the preference for a return to the tonic, or for be- 
ginning and ending on the tonic chord. This tendency to end 
on the major element in spatial series has also been observed 
by Rowland.* The Ss seemed to feel, according to their intro- 
spections, that such an ending gave greater finality to the series 
and brought it more satisfactorily to a close. That Figs. 11 
and 12 should show preference for ending on the ‘lighter’ element 
is probably due to the fact that they are apprehended as figures 
rather than patterns or rhythmic series, and that the preference, 
therefore, conforms to the principle observed in connection 
with Figs. 1 and 2. That Figs. 7 and 8 give slightly different 
results from those shown in Figs. 9 and 10 throws some doubt 
on the apparent inferences to be drawn from the latter, and 
makes further experimentation desirable. 

In the case of Set C the Ss were merely to indicate their 
order of preference for the figures presented singly and in series. 
Some of these figures and their serial combinations are pre- 
sented in Plate IV. The preferences for first place expressed 
in terms of ratio were: : 

Figure Ratio of Preference 
an ¢4 


75 


_ Evidently there is a decided preference for serial com- 
binations as compared with single figures. In most cases the 


4E. H. Rowland, The psychology of repeated space forms, Harvard Psychol. Studies, 
2, 1906, 225. 
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single figures were given last place. The strength of the pref- 
erence for series, however, depends somewhat upon the manner 
of the combination and the nature of the element from which 
the series is constructed. A figure itself disagreeable and ob- 
viously lacking in aesthetic value is not specially enhanced 
through repetition in some design. The results showed also a 
preference for serial combinations with variation as compared 
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Puate IV. Some or THe SINGLE FiGuRES AND CORRESPONDING SERIES 
USED IN Set C 


with those without variation. According to the introspective 
accounts the series were preferred because: 

“They give one a feeling of rhythm,” “they have more meaning than 
a single figure,” ‘there is a feeling of familiarity in design,’’ “series are 
more unified and meaningful,” “repetition and symmetrical arrangement 
produce a Stronger impression,” “they represent more significant and 
complex objects,” and “are more interesting.” 

The circle repeated in a series did not seem to gain in the Ss’ 
evaluations. It was considered “complete in itself and per- 
fectly satisfying as it stands.” That it rarely appears except 
singly in designs may also have had something to do with 
placing the series at a disadvantage. 

We may conclude that in general pattern effects with their 
rhythmic suggestion are more agreeable than single figures for 
the same reason, doubtless, that rhythmic combinations of 
notes are more agreeable than single notes. A series of visual 
or auditory reactions, if more or less similar, must progressively 
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facilitate each other. Moreover, a serial combination con- 
stitutes a more complex presentation which may, nevertheless, 
easily be apprehended mentally. 

The frequency with which the subjects referred to the series 
as having more “meaning,” or being more “significant,’’ may 
be due to the fact that in the field of aesthetics the pleasantness 
attaching to a situation is usually referred to as its “meaning,” 
and this pleasantness being greater for the series than for the 
single figures gives the former more “meaning.” If a thing is 
beautiful, that seems to be meaning or purpose enough for its 
existence. 

The results of our study, while not conclusive, are quite sug- 
gestive as to the nature of the aesthetic experience, particularly 
when viewed in connection with the findings of other investi- 
gators. At the present stage of experimental inquiry, however, 
no attempt at specific formulation of a doctrine sufficient to 
cover the facts can be considered final. At best such a doctrine 
might indicate the direction of future inquiry. Before pre- 
senting our own interpretation we shall summarize some of the 
traditional views on the subject. 


HIsTORICAL 


Due to the philosophical and deductive methods employed in the past, 
a great variety of doctrines on the nature of the aesthetic has arisen. The 
diversity of the theories makes it impossible to review them here. They 
may, however, without great injustice be treated summarily under two 
heads: the sensation theories, and the motor theories. 

(A) The sensation theories. Possibly due to a lack of distinction be- 
tween sensory reactions, as such, and the perceptual and associative re- 
actions, the concept of the aesthetic ‘feeling’ as a quality inherent in the 
sensation has occupied theorists a good deal. To the uncritical observer it 
would seem that the beauty and delight of his experiences is present in the 
direct impress of external objects on his senses. 

One of the simplest and most naive expressions of the sensation theory 
is presented by Grant Allen,‘ who contends that the aesthetic feeling is 
“the concomitant of the activity of a well-fed and under-worked sense 
organ.” He attributes “the pleasurable but non-aesthetic” value of play 
to the active organs, i.e. the muscles, the aesthetic feelings to the passive 
organs, i.e. the sense organs. The author overlooks the simple fact that if 
the pleasure of play is in the activity of the muscles it, too, must be a 
sensory phenomenon. 

It is a matter of serious doubt whether there is any aesthetic value in 
isolated sensations apart from associative values. The painter does not 
concern himself simply with beautiful color schemes without formal or 
associative significance; nor does the musician expect his audience to find 
delight in a mere succession of unrelated notes. That is to say, while 
certain auditory and visual sensations, even when occurring singly, may 
be more pleasing than others, they are not, strictly speaking, aesthetic. 

(B) The motor theories. The motor theories must stand or fall with 
the sensation theories if their supporters have in mind the explicit or overt 
muscular innervations, as such, since the only awareness arising from these 


“Grant Allen, Physiological Aesthetics, 1877, 5-57. 
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innervations when visual and cutaneous sensations are excluded, comes 
from the kinaesthetic sensations. The motor theorists have maintained 
that the pleasure derived from music, from painting, or from sculpture is, 
due to implicit motor activities called forth by the stimuli; the observer 
projects himself into the motor activity suggested by the work of art; he 
has Einftihlung or empathic feelings in connection with the suggested 
activity. 

But granting this importance of the implicit motor responses, why 
should the aesthetic value of the experience not be greatly enhanced if the 
observer of the work of art, instead of being content with the mere implicit 
reactions, actually assumes the posture of the figure in marble, or carries 
into effect the activity it suggests? Is the aesthetic value of the decorative 
dance in the muscular sensations of the dancer, or is it in the associative 
and formal value which it has for the observer? 

Why is a graceful line or curve more pleasing than an irregular one? 
The answer of the motor theorists is that the movement of the eye in follow- 
ing the curve is smoother and therefore more agreeable than in following 
an irregular line. If we close our eyes, however, and attempt an easy rolling 
movement there is nothing particularly aesthetic about the experience. 
Furthermore, the well-known experiments of Dodge, Stratton, and others 
on eye-movements show that the eye in taking a curve does so by a series 
of jerky movements with intermediate rest periods. 

Puffer,' after her subtle observation that balanced effect in a picture is 
in reality attained through the equal ability of both sides to hold the at- 
tention, interprets the expenditure of attention as “the measure of the 
motor impulses directed to the object of attention,” and maintains that, 
because our organism is a bilateral one, we experience pleasure in a balanced 
picture because it fulfills the demand of our system for a “set of reactions 
corresponding to the organism as a whole.” Doubtless, activity in which 


motor impulses are balanced with respect to the two sides of the body is 
more agreeable than otherwise (the musculature of both sides being equally 
developed), but to take this analogous or correlated event and reason to a 
causal relationship with the aesthetic experience is hardly warranted. 


Tue AESTHETIC EXPERIENCE AS PREPAREDNESS AND FACILI- 
TATION WITHIN CENTRAL REACTION MECHANISMS 


(A) Preparedness and facilitation. In seeking a more 
adequate interpretation of the aesthetic we shall avail ourselves 
as much of the facts relating to music as of these derived from 
the experiments on visual forms. All art forms, it is believed, 
depend ultimately on the same principles. 

That it is pleasant for the organism to react (mentally, 
overtly, or both) when the response mechanisms concerned are 
in a state of readiness, and unpleasant in the other event, is a 
commonplace. Yet this commonplace has much to do with our 
aesthetic feelings. This is particularly evident in music and in 
the art forms where the order and temporal spacing of the 
stimuli are essential to the production of the desired affective 
state. Where this is true the ‘naturalness’ and the desirability 
of the sequence must be due to the integration of successive 
elements—or progressive preparation in the reaction sequence— 


sE. D. Puffer, The Psychology of Beauty, 1905, 109 f. 
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each reaction predisposing the individual to the reaction which 
follows. In music the roughness of the sequence which “grates 
on one’s nerves”’ as compared with the sequence which is smooth 
and pleasant must be due to the condition in which each suc- 
cessive element finds the brain patterns. If, in this progressive 
preparation, what comes is in accordance with one’s expecta- 
tions, it is pleasing, if not, it is displeasing and discordant. The 
unity of the melody as distinguished from a mere succession of 
notes would seem to arise from the fact that the hearer is pre- 
pared in the melody to react to each note that comes because 
it falls in with the reaction sequence already in progress. A 
similar explanation may be given for the feeling of relatedness 
experienced with the accepted intervals of the harmonic scale. 
Intervals deemed most agreeable or consonant are those which 
‘fuse’ or ‘blend’ most readily. But in so far as the degree of 
consonance is known to depend chiefly on the coincidence of 
overtones, there must be a certain coincidence or overlapping 
in the reaction patterns by which the related tones are appre- 
hended. This circumstance provides for the feeling of unity 
and relatedness and must be attended by facilitation within 
the reaction mechanisms. 

Notwithstanding his strong inclination toward the motor 
concept, Bingham, at the close of his experimental studies, 
makes the following statement which is entirely in accord with 
the above: 


“When tone follows tone in such a manner that the hearer can react 
adequately to each, when the response to the successive members of the 
series is not a series of separate or conflicting acts, but rather in each in- 
stance only a continuation or further elaboration of an act already going 
forward, then the tones are not felt as discrete, separate, independent, but 
as ‘related’ to each other.’ 


Now, what we contend is that a similar facilitation, a similar 
smoothness and absence of conflicting elements, is equally im- 
portant for other art forms. Observe, for example, architec- 
tural designs with marked beauty and harmony of construction 
and note if this harmony and unity is not dependent on simi- 
larities in the structural elements, or upon a relatedness of these 
elements, comparable to the relatedness of harmonious musical 
intervals. The leading notes and repeated intervals of musical 
design are here paralleled by the repetition and variation of 
some dominant motive in structural or spatial design. The 
presentation has unity, is ‘pleasing to the eye,’ because, as we 
turn from one feature to another, we are more or less prepared 
to react to each new element on account of repetition or over- 


‘Bingham, op. cit., 87-88. 
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lapping of elements in the design. In a beautiful picture the 
congruency, coherence, and balanced relation of its parts, bear 
the same tendency. 

In the completion experiments the subjects showed a strong 
demand for repetition of the dominant element, for unity in 
variety, for balance and symmetry, with one part repeating yet 
reversing the arrangement of the other. The pleasure attending 
the completion and realization of some familiar or distinct 
melodic trend is here matched by uniform demand in the manner 
of spatial completion which will give the most aesthetic effect. 

At this point the objection may be raised that sometimes a 
quite unexpected stimulus combination may be pleasant. This 
goes to show that not all cases of aesthetic experience are cases 
of fulfilled expectation. But it is doubtful whether there are 
any cases in which we are not in a measure prepared for the 
successive reactions when these are agreeably toned. How, 
in the other event, could the feeling of unity and harmony arise? 

Why do we like regular linear combinations and smooth 
graceful curves? Our answer is that such regularity and 
smoothness is pleasing because of the facility with which the 
linear constructions are taken in perceptually. Irregular com- 
binations are unpleasant because each part calls for a new 
adjustment. Symmetrical arrangements have agreeable asso- 
ciational value because of their suggestion of law and order. 
Any one portion, whether of a smooth curve or symmetrical 
figure, is a key to the rest, just as the leading note of a melody 
is the key to its construction and arouses a ‘tonality attitude’ 
or preparedness for the entire sequence. 

May it not even be that our preference for the ‘golden 
section’ (division of a line so that the whole line bears to the 
greater part the same ratio as the greater part bears to the 
lesser part) is also dependent upon the preparedness-facilitation 
principle, since the mental transition from reacting to the whole 
line to reacting to the greater part prepares us for the further 
transition to the smaller part? 

The enjoyment of fiction and of stage performance is even 
more clearly an example of enjoyment attending the exercise of 
processes brought into a high state of readiness. Fiction and 
the stage furnish the stimuli which vicariously allow for the 
exercise of drives restricted in their normal outlet. Such re- 
striction of reaction mechanisms native to our constitution 
naturally results in increased preparedness and demand for 
activity. In the art of the stage as in the art of fiction, the 
first part of the performance furnishes the setting and arouses 
the drive. The greater the difficulties encountered by the 
leading motive, usually symbolized in the hero, the greater 
becomes the state of preparedness for the desired end-result, 
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and, in turn, the greater the pleasure attending the climax or 
resolution of the motif. Good story writing must first arouse 
some dominant interest or drive and then, by skillfully holding 
the reaction mechanisms in restraint, force interest and sus- 
pense to higher levels, thus effecting an increased state of pre- 
paredness. Lindbergh’s dramatic flight across the Atlantic 
would have failed to arouse such general acclaim and emotional 
fervor had it not been for its favorable setting. Had the in- 
trepid flyer crossed before others had failed, or even immediately 
after his own entrance on the arena when the weather for days 
became a hindrance, the accomplished feat would not have 
come with such poignant effect, since the suspense, and with it the 
increased preparedness for the end-result, would have remained 
on a much lower level. 

(B) Habituation and practice. Assuming the correctness 
of the prepared-facilitation principle, we should expect to find 
that artistic constructions within certain limits become more 
agreeable with repetition, since repetition has the effect of 
facilitation. This is, in fact, the case. The importance of 
habituation and practice in connection with music is empha- 
sized by practically all the investigators of the subject. Only 
the influence of habit and custom car account for the difference 
in accepted intervals in Oriental and Occidental music, and for 
the gradual admission of new intervals in the history of Euro- 
pean music. Valentine’ furnishes experimental evidence indi- 
cating that with practice tonal combinations at first considered 
disagreeable may later be received as equally agreeable with 
accepted intervals. He also calls attention to experimental 
work showing that children who have had no special musical 
training cannot distinguish between decided concords and 
discords until the age of 12 or 13. A similar observation is 
made by Bingham® in connection with some work on quarter- 
tone melodies. The Ss found these quite disagreeable at first 
but after repetition were disposed to modify their judgment. 

Valentine® contends that “familiarity is the essential element 
in the idea of beauty,” and supports his statement with the 
extent to which his Ss’ liking for certain pictures and certain 
pieces of music was influenced by familiarity. He states: 


“Even an expert musician often refuses to judge a new symphony on 
the first hearing. It is only when he has mastered the main themes, when 
he is so familiar with them that he can recognize them when presented in 
varying guise, when he can discover unity in variety, that he thoroughly 
enjoys the music.” 


'C. W. Valentine, The Experimental Psychology of Beauty, 1913, 105 f. 
Bingham, op. cit., 40. 
*Valentine, op. cit., 109. 
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From ordinary observation we might conclude that the 
chorus of familiar songs does not lose qualitatively as the result 
of greater repetition. Again, older people are known to find 
greater satisfaction in the songs and music of their more plastic 
years, the older and more familiar sequences being more easily 
reinstated. 

(C) Association. Just as habituation and practice may 
be treated as subheads under the preparedness-facilitation 
principle, so, again, the influence of associations upon aesthetic 
evaluations may be referred to the same principle, since agree- 
able associations, like habituation and practice, have marked 
facilitating effects, while disagreeable associations have in- 
hibitory effects. 

Color preference is largely if not entirely a matter of associa- 
tion. Whatever the differences in the experimental results on 
this subject, there is at least general agreement that brighter 
and more saturated colors are preferred to dull, dark, shades 
and colors. But the former, it should be noticed, are uniformly 
associated with life and sunshine, growth, fertility, and flores- 
cence, the latter, with less desirable seasonal changes, with cold 
and winter, death and decay. The type of preference for 
brighter colors which can be demonstrated in infants need not 
have any aesthetic implications. According to Valentine, girls 
show a much stronger preference for white at from 5 to 9 years 
of age than later. This may be ascribed to the manner of dress 
and the frequent admonition to keep neat and clean. That 
during adolescence and with advancing maturity pinks and 
flesh colors should be given high aesthetic ratings and should 
be more frequently preferred in garments may also be an 
association phenomenon. 

The most marked effects of association and habituation may 
also be observed in connection with changing fashions. What at 
first appears strange and bizarre is soon accepted as ‘chic and 
smart.’ Whatever is the vogue gains a new value, while earlier 
styles, or those of another generation, become aesthetically 
unintelligible. It is no doubt because of decreased adaptability 
that older members of each generation fail to see anything 
aesthetic in the preferences of the younger set. 

To the above could be added many other examples empha- 
sizing the importance of association. Preferences in sculpture 
and painting have a large associative element. Preferred con- 
structions are all suggestive of activities and circumstances with 
pleasant connotations. Even the aesthetic value of music, 
particularly as it appears in the opera, must be attributed to 
its associative and redintegrative value in connection with 
dominant drives and emotions. 
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The evidence that the principles of spatial design are familiar to those 
of musical design as well as of other art forms, suggests that the con- 
ditions — for the aesthetic experience are fundamentally the 
same. These conditions we have discussed under the preparedness-facili- 
tation principle. Typically, aesthetic feelings attend the realization of 
anticipated or expected relations, and in no case do they appear apart from 
a certain preparedness in the reaction sequence. Ultimately, the felt unity 
and harmony of relations in the elements of construction must depend upon 
the relatedness of the perceptual processes, the overlapping in the re- 
sponse series, and the facility with which successive reactions lead over 
into each other. Discordant and unrelated elements are so apprehended 
because they call for unrelated adjustments and redistributions of nerve 
currents. The ep of preparedness and facilitation is found also 
in the marked influence of habituation and practice, the importance at- 
taching to pleasant associative values, the enhancing effect of increased 
familiarity where relatedness is a prominent feature, and, finally, 
the increased satisfaction and keener enjoyment of the latter part of a per- 
formance (as in music, drama, or fiction) when ae has reached 
a much higher level, partly through natural development of inner demands 


and partly through skillful restraint of the dominant motive. 


PLAY INTERESTS AS EVIDENCE OF SEX DIFFER- 
ENCES IN AESTHETIC APPRECIATION 


By Harvey C. Leaman and Paut A. Wirty, University of Kansas 


Popular thinking assumes conspicuous differences between 
the sexes in most traits. The problem of sex differences in in- 
telligence has long been discussed. Terman,' Hollingworth,? 
and Whipple* have presented and examined data secured by 
means of intelligence tests. These investigators have studied 
the cognitive processes principally. Conklin‘ suggests that the 
experimental methods employed by the above investigators are 
not well designed for the study of those traits in which sex dif- 
ferences are most commonly supposed to be evident, namely, the 
affective processes. 

Thorndike® and Starch® have computed the percentages of 
males reaching or exceeding the median woman in a number of 
specific traits. The sex differences listed by these writers are 
interesting and suggestive, but the lists are of course incom- 
plete. The data are meager and conflicting in regard to sex 
differences in certain personality traits. 

There is a growing need for careful study of sex differences 
in various character traits. The following paper deals with one 
trait, or assembly of traits, namely, aesthetic appreciation. It 
reports only the extent to which boys and girls participate in 
play activities involving aesthetic appreciation and attempts 
to account provisionally for the differences revealed. 

Method. Over 5,000 children were asked to check from a comprehensive 
and catholic list of 200 play activities only those in which they had vol- 
untarily engaged during the preceding week. The directions were specific, 
the teachers were instructed in giving the tests, and the data were obtained 
from unselected children in order that the results of the investigation might 
be reliable. Data were secured from children in the following Kansas 
towns: Kansas City, Lawrence, Bonner Springs, and Moran. The older 
Ss were for the most part students of the University of Kansas. 

In order that seasonal differences might be taken into account the list 
was checked by the above groups on each of three different dates, Nov. 7, 
1923, Feb. 20, 1924, and Apr. 30, 1924. The giving of the test three times 
served also to prevent obtaining of unreliable data in reference to non- 
seasonal activities. Moreover, unusual conditions which might attend one 
administration of the test were partially minimized by the three separate 


for publication July 14, 1927. 
iL. M. Terman, The Measurement of Intelligence, 1916, 68 ff. 

2L. 8. Hollingworth, Variability as related to sex differences in achievement, Amer. J. 
Sociol., 19, 1914, 510-530. 

*G. M. Whipple, Sex differences in intelligence test scores in the elementary school, 
J. Educ. Res., 15, 1927, 111-117. 
Pp ae 8. Conklin, The scale values method for studies in genetic psychology, Univ. Oregon 

9 2033, 3S. 
SE. L. Thorndike, Educational Psychology (Briefer course), 1915, 346 ff. 
*Daniel Starch, Educational Psychology, 1921, 56 ff. 
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investigations. The total number of Ss from whom data were obtained is 
indicated in Table I. 

Data were assembled according to age and sex. Tables and 
charts were prepared showing the percentages of individuals in 
each age group who had participated during the course of one 
week in each of the 200 activities mentioned in the Play Ques- 
tionary. 

TABLE I 
NuMBER OF Ss, By AGE AND Sex, INCLUDED IN THE INVESTIGATIONS 
Date 
Nov. & Feb. 20, Apr. 30, 
Boys irls Boys’ Girls 
100 
174 


A survey of the sex differences may be obtained by examining 
lists of the activities in which the largest sex differences were 


found. 
TaBLeE II 
Puay Activities More ComMMONLY PARTICIPATED IN BY Boys THAN BY 
GIRLS AT PRACTICALLY Every AGE 


Football: using a hammer, saw, nails, etc., for fun; wrestling; marbles; 
riding a bicycle; climbing porches, trees, fences, posts, etc.; throwing rocks 
and stones; playing cowboy; boxing; a 

Shooting a . playing Indian; playing robber and police; basket ball; 
baseball with a hard ball; driving an auto; *watching athletic sports; smok- 
ing; jumping for distance; jumping for height. 

umbly peg; fiving kites; making or using a wireless or other electrical 
apparatus; snowba fights; pole vaulting; just playing catch; coasting on a 
wagon; rolling an auto tire; fishing; playing pool. f 

Pitching horse-shoes; playing with bow and arrows; swimming; digging 
caves or dens; spinning tops; playing with toy trains, ships, autos, wagons, 
etc.; playing fire engine (or hook and ladder); running races; matching 
pennies; coasting on a coaster. 

Playing bandit; playing soldier; playing with pet dogs; playing with an 
indoor or playground ball; horse-back riding; rolling a hoop; walking on 
stilts; hunting; building or watching bonfires; and building a dam. 


tIn the case of this activity the sex difference is slighter than would perhaps have 
been expected because few members of each sex engaged in it. 


10 182 215 169 199 160 176 
II 187 235 167 222 184 220 
12 249 326 201 289 176 266 
13 280 269 231 235 259 263 
14 274 301 252 282 238 278 
15 230 261 247 244 247 256 
16 210 251 181 223 193 235 
17 145 182 130 208 146 193 
18 115 120 170 174 130 167 
19 95 101 119 115 102 93 
208 5° 73 73 124 59 76 
21.5 53 4! 57 85 43 66 

22 and 79 44 105 114 68 88 

above 
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TABLE III 


Puay Activities More FREQUENTLY PARTICIPATED IN BY GIRLS THAN 
BY Boys aT PRACTICALLY Every AGE 


*Playing with dolls; visiting or entertaining company; playing house; 
*just singing; “sewing, knitting, crocheting, etc., for fun; *playing the 
piano (for fun); writing letters; jumping or skipping rope; dressing up in 
older folks’ clothing; playing school. 

*Social dancing; jacks; *playing movie actor or movie actress; London 
bridge; *stringing beads; *going to parties or picnics; *folk-dancing; just 
imagining things; *looking at pictures; *gathering flowers. 

*Going to entertainments, concerts, and so on; playing with pet kittens; 
playing Sunday school; drop the handkerchief; *cutting paper things with 
a scissors; teasing somebody; just hiking or strolling; hop, skip, and jump; 
playing nurse; *listening to the victrola. 

Sleigh-riding; reading short stories; telling or guessing riddles; telling 
fortunes or having fortunes told; hop-scotch; hide-and-seek; playing store; 
playing other make-believe games; *statuary. 

“Here I come” “Where from?”’; tin-tin; *other singing games; old 
witch; pussy wants a corner; *making mud pies, mud dolls, etc.; *painting 
— water-colors; *making a scrap book; *taking snap shots, and roller- 

ating. 


Table II presents the play activities which were found to be much more 
commonly participated in by boys than by girls. The activities of Table II 
are arranged in order of merit, those showing the greatest amount of sex 
difference being listed toward the top of the table. Table III presents a 
similar list showing the play activities in which girls pia much 


more frequently than boys. At the time of compiling Tables II and III the 
present writers were engaged in writing a book on the psychology of play 
activities.’ The present report was not then contemplated. The lists of 
activities presented in Tables II and III were therefore compiled without 
regard for sex differences in aesthetic appreciation. 

The writers have recently attempted to identify in Tables II and III 
those activities most likely to involve aesthetic appreciation. It is of 
course true that almost any activity may involve more or less of aesthetic 
appreciation. However, it is probable that some activities are more likely 
than others to involve such responses. The activities identified by the 
writers as most likely to involve aesthetic appreciation are marked with 
asterisks. 


Tables II and III show that only two activities judged by 
the writers to be of an aesthetic nature were more commonly 
participated in by boys than by girls, whereas 20 such activities 
were more frequently engaged in by the girls. 

Since these activities were voluntarily participated in, it 
seems logical to infer that girls obtain greater pleasure than 
do boys from participation in activities aesthetic in nature. 
The differences between the sexes in aesthetic appreciation is 
clearly indicated in Figs. 1-4 inclusive. 


7TH. C. Lehman and P. A. Witty, The Psychology of Play Activities, 1927, 83 ff. 
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PERCENT 
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LEVELS 


PERCENTAGES OF GIRLS AND Boys or Various AGE LEVELS WHO 
ReportTep THat THey Hap GATHERED FLowERS DuRING 
THE COURSE OF THE WEEK PRECEDING APRIL 30, 1924 


PERCENT 


Boys 


AcE LEVELS 


Fig. 2. PeRCENTAGES OF GIRLS AND Boys oF AVERAGE AGE LEVELS WHO 
Reportep THat THEY Hap ENGAGED IN PLAYING THE PIANO 
(For Fun) OR More Trwes Durine THE Course OF 
ONE WEEK 


Average of results obtained from three separate investigations 
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PERCENT 


Acre LEVELS 


Fic. 3. PrRcENTAGES OF GIRLS AND Boys or Various Acs LeEveLts WHO 
ReEepPorTED THAT THEY HAD E?.GAGED IN ‘Just SINGING’ ONE OR 
More Times DurinG THE CourRSE OF A WEEK 


Average of results obtained from three separate investigations 


PERCENT 


Ace LEVELS 


Fig. 4 PrrcentaGces or AND Boys or Various Ace Levers WHO 
INDICATED THaT THEY HAD SPENT Time ‘LOOKING aT Pic- 
TURES’ DuRING THE COURSE OF A WEEK 


Average of results obtained from three separate investigations 
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Corroborative data are not wanting in revealing sex differences in 
aesthetic appreciation. C. F. Burk nearly 30 years ago found that the ob- 
jects collected exclusively by girls usually involved aesthetic appreciation.’ 
The objects collected exclusively by boys included toys, animals, minerals, 
and mechanical miscellanies. It is evident therefore that aesthetic ap- 
preciation affects the collections of girls, determining the direction of their 
interest. 


TABLE IV 


Work INTERESTS AMONG FRESHMEN IN THE COLLEGE OF ARTS 
AND Sciences, THe UNIVERSITY OF KENTUCKY 
Percent 
Men Women 

people as musician, actor, speaker,etc.... 7.8 
Artistic skill as in decorating, ‘window-dressing, milli- 

nery, costuming, handicraft, printing arts, etc.... 2.8 8.1 
Artistic creation, as in writing, esigning, composing 

5.0 


PERCENT OF Boys AND GIRLS OF VarRIOoUS AGE LEVELS WHO INDICATED 
THAT THEY HAD ENGAGED DuRING THE CouURSE OF A WEEK 
In Four Speciric ACTIVITIES 


Play Activity 
Gathering piano | Looking at 
flowers* for fun Just singing pictures 


Boys Girls | Boys Girls | Boys Girls | Boys Girls 
65 


‘5S 
‘5 
‘5 


*During the course of the week preceding April 30, 1924. Average of results obtained 
at the three separate periods. 


Miner has studied recently the special interests and abilities of fresh- 
man boys and girls in the College of Arts and Sciences at the University 
of Kentucky.® Some of Miner’s findings are presented in Table IV. The 
work interests listed in Table IV are those which obviously involve ar- 
tistic or aesthetic leanings. It is evident that the freshman girls display 
greater interest than do the freshman boys in those lines of work which are 
likely to demand aesthetic appreciation. 


8C. F. Burke, The collecting instinct, Ped. Sem., 7, 1900, 1 
J.B. Miner, An analysis of vocational interests, School = 33, 1925, 749. 


TABLE V 

Ages 

) 53 63 38 62 54 71 54 60 
10 54 70 4e 61 45 70 5! 59 
II 50 61 37 63 37 66 42 58 
12 30 75 34 67 29 67 39 57 
13 27 58 34 63 23 57 36 5! 
14 a4 52 30 63 22 58 33 47 
15 17 54 25 63 23 5! 26 45 
16 15 42 22 63 24 49 21 36 
17 16 37 21 61 23 46 19 37 
18 10 49 19 54 20 42 20 39 
19 9 46 19 60 25 43 23 38 
20 8 46 18 56 23 53 23 34 
21 14 58 26 49 29 54 22 36 
22 and 19 49 20 49 25 46 22 31 
above 
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Both Burk’s and Miner’s studies support the findings of the 
present writers. Aesthetic appreciation is displayed by girls 
more frequently than by boys in (1) collection interests, (2) 
work interests, and (3) play interests. 

One logically asks, to what is this conspicuous sex difference 
in aesthetic appreciation due? A common answer two decades 
ago would have been, to differences in the instinctive equipment 
of the sexes. Today, we are less ready to attribute present 
behavior patterns to instinctive proclivities. Rather, we are 
inclined to trace carefully the origin and development of each 
trait under consideration. 


DISCUSSION 

Origin of the aesthetic impulse. Various writers have em- 
phasized the réle of sex in originating different forms of the 
aesthetic impulse. That there exists a rather intimate relation- 
ship between the sex propensity and the appreciation of beauty, 
most careful students will grant. Indeed, Santayana finds in the 
sex impulse, the origin and drive to the appreciation of beauty 
in its multitudinous forms: 


“If any one were desirous to produce a being with a great susceptibility 
to beauty, he could not invent an instrument better designed for that object 
than sex.. . . . What more could be needed to suffuse the world with 
the deepest meaning and beauty? The attention is fixed upon a well-de- 


fined object, and all the effects it produces in the mind are easily regarded 
as _— or qualities of that object. But these effects are here powerful 
and profound. The soul is stirred to its depths. Its hidden treasures are 
brought to the surface of consciousness. The imagination and the heart 
awake for the first time. All these new values crystallize about the objects 
then offered to the mind. If the fancy is occupied by the image of a single 
person, whose qualities have had the power of precipitating this revolution, 
all the values gather about that one image. The object Sesmnee perfect, 
and we are pent to be in love. If the stimulus does not appear as a definite 
image, the values evoked are dispersed over the world, and we are said 
to have become lovers of nature, and to have discovered the beauty and 
meaning of things.” 

‘When love hae its specific object, when it does not yet understand 
itself, or has been sacrificed to some other interest, we see the stifled fire 
bursting out in various directions. One is religious devotion, another is 
zealous philanthropy, a third is the fondling of pet animals; but not the 
least fortunate is the love of nature, and of art; for nature also is often a 
second mistress that consoles us for the loss of a first.’’!° 


According to Santayana, when love lacks a specific object, 
when it does not yet understand itself, or when it is sacrificed to 
other interests, the stifled energy is sublimated in various ways, 
susceptibility to the beauties of nature being one conspicuous 
form of sublimation. A similar point of view has been expressed 
by Langfeld, who holds that aesthetic appreciation may result 
from the thwarting of any impulse or desire. 


10George Santayana, The Sense of Beauty, 1898, 60 f. 
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‘In the many and varied forms of art each individual can find his par- 
ticular refuge. The strong and the weak, the rich and the r, the prude 
and the libertine, the prince and the peasant, can one and all select that 
form of art in which they can best realize a harmonious adjustment of the 
conflicting impulses which tend to torture and distort the soul.. . .So 


long as the human race is stirred by conflicts just so long will art itself 
endure.’ 

Buermeyer asserts that appreciation of art offers a more 
satisfying refuge from thwarting desires than the day-dream, 
since objects of art afford tangible actualities to satisfy sub- 
limated desires.” 

The above writers all agree that appreciation of art is to 
a large extent the outcome of sublimated desire. This hypothesis 
is in line with the present-day tendency to attribute the origin 
of much artistic creation to the attempt of the artist to secure 
compensatory gratification for precluded desires. Thus the 
actuation of the work of art as well as the appreciation thereof 
pe in the desire for substitute gratification thereby se- 
cured. 

A possible explanation of sex differences in aesthetic apprecia- 
tion. If the impetus to aesthetic appreciation is to be found 
in the fact that it affords gratification of precluded desires, how 
is one to account for the greater frequency with which girls 
and women turn to activities aesthetic in nature? The follow- 
ing provisional explanation is offered by the present writers as a 
likely one in this regard. Even among very young children, 
girls are obliged to restrict their range of participation in 
various activities to a greater extent than are boys. 

The present writers found that girls of ages 8 to 22 inclusive engage in 
fewer activities than do boys of corresponding ages. Moreover, girls seem 
to be restricted geographically in their play behavior, being forced to con- 
fine their play to the home or nearby environs. Boys, on the other hand, 
engage in a larger number of activities and enjoy greater freedom in par- 
ticipation. They were found to participate much more frequently than 
girls in activities which require departure from home and a considerable 
geographical radius:* horseback riding, hunting, gathering nuts, fishing, 
and flying kites. 

Girls, however, were found to indulge with much greater frequency than 
boys in activities within or near the home. The activities listed toward 
the top of Table III are illustrative. 

The restrictions operate progressively as the children grow 
older. Girls are supervised and protected to a greater extent 
than are boys. These forces operate to effect a greater need for 
sublimation or redirection of desire in girls. Hence, the greater 
general aesthetic appreciation on the part of girls ensues. 

A possible explanation of sex differences in aesthetic creation. 
If the preceding hypothesis be granted, namely, that the great 


UH. 8S. Langfeld, The Aesthetic Attitude, 1920, 28 f. 
BL. Buermeyer, The Aesthetic Experience, 1924, 110. 
“Lehman and Witty, op. cit., 93. 
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frequency with which women participate in aesthetic activities 
is the outcome of sublimated desire, how is one to account for the 
fact that men more frequently produce outstanding works of 
art than women? The following hypothesis is offered as a likely 
one in accounting for this fact. 

Although women are forced to sublimate their desires more 
often than men and consequently display aesthetic appreciation 
more frequently, it may be that they react much less violently 
than men to thwarting. There is some evidence that females 
are able to stand thwarting to a greater degree than men. The 
fact that males are less able than females to endure thwarting 
has been observed by Cannon. He found that young male cats 
= ¢ restive and excited when fastened to a holder than 
emales. 


“In my earliest observations on the movements of the stomach I had 
difficulty because in some animals the waves of contraction were perfectly 
evident, while in others there was no sign of activity. Several weeks passed 
before I noticed that this difference was associated with difference in sex. 
In order to be observed with Réntgen rays the animals were restrained in & 
holder. Although the holder was comfortable, the male cats, Spay 
the young males, were restive and excited on being fastened to it, and 


under these circumstances gastric peristaltic waves were absent; the female 
cats, especially if elderly, usually submitted with calmness to the re- 
straint, and in them the waves had their normal occurrence.”’* 


It seems likely that the observation made by Cannon re- 


garding animals holds also for human beings. The present 
writers have shown that girls are able to endure situations 
in their play behavior which would prove unendurable to boys 
because of the monotony involved. Thorndike, employing 
data assembled by K. Pearson, concludes that only 38% of men 
reach or exceed the median woman in patience." 

The above findings are very suggestive. They indicate that 
the male’s impulses may be much stronger than those of the 
female, and that this strength may be characteristic of the 
human species as well as of animals. In ordinary life men are 
apparently not required to suppress their desires as often as are 
women. This may explain the male’s smaller amount of 
aesthetic appreciation. But in some instances thwarting of 
males inevitably occurs. When it does occur, perhaps the male 
becomes exceedingly restless and struggles to effect adjustment. 
When the circumstances are favorable, the result may be genu- 
ine artistic creation. In the thwarted female such artistic 
achievement is less likely to result, because of the absence of a 
comparable amount of drive. This may be one factor explain- 
ing the rarity of aesthetic achievement of a high order among 
women. 

“W. B. Cannon, Bodily Changes in Pain, Hunger, Fear, and Rage, 1920, 14. 


Lehman and Witty, op. cit., Chap. 7. 
Thorndike, op. cit., 349. 
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THE INFLUENCE OF SEX AND AGE UPON THE 
ABILITY TO REPORT 


By Joun A. McGeocu, Washington University 


The problem of the influence of age and of sex upon the 
ability to give a faithful report of observed data was for some 
time, in the early part of the century, a particularly interesting 
one to German investigators. The interest has somewhat 
waned, but the problem, in many of its aspects, remains.' 

Many of the early studies were conducted in a fashion which 
rendered their results inconclusive in any general sense. They 
employed often either too few Ss, a restricted age-range, or only 
a single type of report material. Obviously, data from a few 
Ss, in this field particularly, permit no generalizations. Data 
from sufficient Ss over a limited age-range permit generaliza- 
tions, but in a circumscribed manner. Quite possibly conclu- 
sions drawn from reports on one type of material may hold only 
for that type, and, unless the nature of ability in report is 
known, generalization is limited to statement in terms of the 
material used. Possibly, also, the intellectual status of the Ss 
might be the determining factor in their reports and conclusions 
might, therefore, be valid only for Ss of the specific mental 
status used in any given experiment. Such considerations are 
clearly germane to studies of both age and sex.” 

The problems of Aussagepsychologie are significant both 
with regard to the body of knowledge about immediate memory 
functions and for the construction of an applied psychology of 
testimony. An attempt has been made in this investigation to 
avoid some of the conditions which have often rendered studies 
in this field inconclusive, and to study age and sex differences 
in report with a relatively large number of Ss of known intelli- 
gence rating, using three different types of report materials. 

Report Materials and Method. The report materials used are fair rep- 
resentatives of those which have been described in the literature of Aus- 
sagepsychologie. They were the Binet object-card, a picture called The 
Disputed Case, and an event. These materials, the instructions given to 


the Ss, the methods used in gathering the data and the scoring of the 
results have been previously described.* The only deviations from the 


*Accepted for publication November 28, 1927. 

1From the Psychological Laboratory of the University of Chicago. 5 

The literature on these problems is too well known and too accessible to merit summary. 
Whipple’s reviews in the Psychological Bulletin from 1909 to 1915, and J. Schrenk’s Ein- 
fihrung in die Psychologie der Aussage, 1921, have summarized the better part of the litera- 
ture. 

3McGeoch, The fidelity of report of normal and subnormal children, this JouRNAL, 36, 
1925, 434-445. 
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procedure there used were that there were 50 questions in all interroga- 
tories, and that attestation on both narrative and interrogatory was asked 
of all Ss. The conditions were kept as standard as possible for all Ss. 

Subjects. The Ss used in this study are children from four East St. 
Louis, Ill., schools. They range from 9-14 years old and from the 4-8 
grade. The four schools are elementary schools of the same general class 
and the Ss appear to represent a fair sampling of the elementary school 
population of the city. The number of children at each age for each of the 
report materials is shown in Table I. 

The number of cases is many times larger than that used in most of the 
preceding investigations of children’s testimony. It is probable that many 
of the conflicting results in this field have been an outcome of the use of 
a few Ss only. 


TABLE I 
NuMBER oF Cases aT Eacu AGE LEVEL 


Object-Card Picture Event 
Boys’ Girls Total/Boys Girls Total/Boys Girls Total 
39 73 
60 118 
69 143 
58 116 
42 73 
57 


292 580 


Measures of Intelligence. To obtain a measure of intelligence, two tests 
were given: the National Intelligence Tests, Scale A, Form 1, and Army 
Alpha, Form 5. The scores of every S on the two tests were combined 
by adding the sigma standings algebraically and dividing by two, so that 
the combined score was expressed in terms of the mean sigma standing 
in the two tests. These combined scores were computed separately for 
each age from the mean and sigma of each age. In Fig. 1 are shown the 
lines of the means in intelligence score for each age (regression of intelli- 
gence on age) for the individual tests. Intelligence at any age has been 
expressed in terms of the sigma standing of the mean of that age computed 
from the mean intelligence score for all ages and the corresponding sigma. 
The results of this method were checked by drawing the lines for each test 
from the means of the raw scores. It was found that the two methods 
gave corresponding results. It will be noted that the lines for the two 
tests run very nearly together and that the result of their combination 
would be almost a straight line, except for a slight irregularity at age 12. 


Results: (1) Age Differences. In presenting the data, the 
most important scores are items right and wrong, and the per- 
centage of items attested. These will be given in detail and the 
tendencies of the secondary scores, total percent right, and 
percent attested and right will be stated briefly without pre- 
sentation of the data. The tabular statement of scores for each 
level results in cumbersome tables, difficult of interpretation. 
The data are, therefore, given in graphic form. The means of 
items right and wrong on the narrative are shown in Fig. 2. 


Age 
9 
Io 
II 
13 
14 
Totals} 340 323 663|323 292 615|288 
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Fig. 1. INTELLIGENCE Scores By AGES 


wrong 


right 
Event —0-0-0-0 


Report Scores 


@ 


10 l2 


AGE 
Fig. 2. AGE DIFFERENCES 
Total Right and Wrong (Narrative) 


460 pt 
5 
7 
28 
13 
a7) -60 -40 -20 QO +20 +40 +60 +80 
28 
26 
24 
| 
i3 i4 


INFLUENCE OF SEX AND AGE ON ABILITY TO REPORT 461 


The curves for items right remain roughly constant from 9- 
10, then rise throughout the remainder of the age-range, except 
that the curve for the object-card remains almost constant from 
12-14. The object-card and picture error curves show no pro- 
nounced tendency to increase or decrease with age and only a 
slight tendency to minor fluctuations from one age to another. 
The event error curve falls very slowly from 9-14, but the 
amounts are hardly large enough to be significant. When the 
total percent right is computed from these scores, the curves 
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show the same general tendency as the curves for mean items 
right. For the picture and the event, however, they have a 
much steeper slope than do the corresponding mean items right 
curves. ‘The curves for percents attested and right follow 
courses almost identical with those for total percents right, but 
at a higher level. 

The data for percents attested on the narratives are shown 
in Fig. 3. This score represents the degree of certainty of the S 
with respect to the items recalled. In another section of this 
investigation it has been found that this score is unrelated to 
intelligence and probably represents a ‘personality’ factor. A 
glance at the curves shows that their irregularity is too great 
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to permit any conclusion other than that there is no uniform 
age change in percent of attestation, though the amount of the 
attestation varies somewhat with the material upon which re- 
port is made. 

The means of items right and wrong for the interrogatory 
form of report are shown in Fig. 4. 
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The general tendency is for all functions to show an increase 
with increasing age. With the picture and event there is very 
little change from 9-10, a result the same as that found for the 
narrative of each. The error curves tend to fall with increasing 
age, particularly from 10-14. When these scores are used in the 
computation of total percents right and the results plotted, 
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curves which rise rapidly from 10-14 are the result. The same 
is true for percents attested and right, save that these curves run 
at a higher level than do those for total percents right. 

The curves for percents attested show the same irregulari- 
ties found for this score on the narrative, and are not repro- 
duced here. 


TABLE II 


DiFFERENCES BETWEEN SUCCESSIVE AGES AND THEIR SiGMAs 


Ages Object-card Picture Event 
compared D 


9-10 
10-11 
11-12 
12-13 
13-14 

9-10 
10-II 
II-I2 
12-13 
13-14 


Report 


Thus far nothing has been said regarding the statistical reliability of 
these results. While it is highly probable that age-increases, when they 
occur consistently in three t: of report material and with two different 
methods of reporting, are valid, the certainty of the conclusions will be 
enhanced by a statement of the reliability of the differences. In Table II 
are given the differences between the means at successive ages and the 
sigmas of these differences for items right, both narrative and interrogatory. 

The outstanding fact revealed by Table II is that, in the majority of 
cases, the sigmas of the differences are almost as large as, or larger than, 
the differences themselves. This signifies that the difference between any 
two successive ages is of very doubtful validity. Certainly no more than 
the probable direction of the difference can be indicated. The means, the 
differences between which are in question, are reliable, being many times 
ged Cn omg The differences between them, however, are too small to 

e reliable. 


Taste III 
CumuLATIVE AGE DIFFERENCES 
Report Ages Narrative Interrogatory 
material | compared D D 
Object-card 9-14 2. 
Picture 9-14 8. 
Event 9-14 9. 


4. 
4. 


5 
4 
3 


Whether, over larger differences in age than that between successive 
ages, any significant differences in report-ability might occur, can be 
determined by computing the sigmas of the differences between the means 
at the extremes of the age range studied. If this difference turns out to be 
reliable, we may conclude that there is an actual increase in ability to report 
with increasing age, even though the increase from one age to another is 
not large. These differences with their sigmas appear in Table III. 
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If we take a sigma which is one third of its difference to indicate relia- 
bility, the differences between ages 9 and 14 are all reliable, with the slight 
exception of the object-card narrative. The increase is least on the object- 
card narrative and greatest on the event narrative. It is greatest on the 
event interrogatory and roughly equal for the picture and object-card. 

Similar treatment of the error aimee shows that the differences are, 
for the narratives, totally insignificant, while those on the interrogatory, 
though unreliable between successive ages, show a slight cumulative decrease. 
It appears, therefore, that there is no age-change in narrative errors and a 
slight decrease with age in interrogatory errors. When the reliability of 
cumulative age differences in total percents right is computed, virtually 
the same relations are found as those which are given in Table III. 

The facts thus far presented warrant the conclusion that, while differences 
in report-ability between successive ages are small and unreliable, cumula- 
tive differences appear to such an extent that the differences between the 
initial and final ages of the range studied are reliable. This indicates a 
definite but slow increase in ability to report with increasing age. The 
amounts of the increase vary with the material upon which report is made. 
Inspection of the curves will show the greatest tendency to variation with 
age occurs with the event, while the picture and object-card follow in the 
order named. 


TABLE IV 


NARRATIVE: TOTALS RigHT AND WRONG 


Object-Card Picture Event 

B-R G-R B-W G-W B-R G-—R B-W G-W 
18.5 18.4 4.9 5.8/14. : -9 20.4 8.4II.I 
18.0 18.9 5. 
20.8 19.2 6. 

20.9 23.3 
22.3 
21.5 22.4 


(2) Sex Differences. The comparative performances of the 
sexes can be shown most compactly in tabular form. The nar- 
rative total right and total wrong scores may be found in Table 
IV. The symbols B, G, R, and W refer, respectively, to boy, 
girl, items right and items wrong. 

Sex differences in object-card reports are small and irregular 
in direction. One can only conclude that neither in correctness 
nor in incorrectness do these reports show sex differentiation. 
With the picture the girls report consistently more right items 
than the boys, but for years 9-12 the differences are unreliable. 
The difference of 9.1 at year 14 with a sigma of 2.9 is the only 
difference that is statistically reliable. No consistent sex differ- 
ences appear in total wrong items. There is a consistent ten- 
dency for the girls to report more right items on the event. 
The differences here are relatively large and several are reliable. 
There is also some tendency for the girls to report more wrong 
items. When the data of Table IV are used in the computation 
of total percents right for each type of material, similar ten- 
dencies appear, although less clearly. 


Age 

10 

II 

12 

13 

14 
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Total items right and wrong in the interrogatory reports are 
given in Table V. 

Reports on the object-card show no sex differentiation in 
either score. On the picture and event the girls consistently re- 
port more right items than do the boys. The differences, how- 
ever, are small and most of them are statistically unreliable. 
Their consistency would, nevertheless, argue for their signifi- 
cance. Reports on the picture show no consistent differentiation 
in items wrong, while on the event the girls give fewer wrong 
items. The same general tendencies appear when total per 
cents right are computed. 


TABLE V 


INTERROGATORY: TOTALS RIGHT AND WRONG 


Object-Card Picture Event 
B-R G-R B-W G-W | B-R G-R B-W G-W| B-R G-R B-W G-W 
23.5 18.0 18.2/19.7 23.0 I 16.5 19.9 22.5 
22.7 19.5 19.1/21.1 22.5 4 17.8 18.6 9 24.5 
27.5 17.0 16.8/23.0 24.7 .4]19.2 19.5 .2 23.0 
28.4 15.5 16.6/22.7 24.3 .9]20.5 23.2 7 2.5 
a 20. 


28.0 14.2 14.7 24.5 21.5 26.1 § 86.9 
26.1 14.7 14.4 28.1 3|21.7 26.4 -2 20.3 


The percent of items attested by each sex has been found, 


but no sex differentiation whatever appears. There are many 
fluctuations but no regular tendency. These data are not given. 


CoNCLUSIONS 


(1) Ability to report in narrative form, measured in terms of 
total items right and total percents right, increases between the 
ages of 9 and 14 with each of the three report materials used. 
There is with narrative errors no definite tendency to vary with 
age, and only a slight tendency toward fluctuations. 


(2) Ability to report in interrogatory form increases between 
the ages of 9 and 14 with each of the three report materials 
studied. This fact is indicated by the increase in numbers of 
items right reported and by the decrease in numbers of items 
wrong. 


(3) Differences between successive age levels are, however, 
small and statistically unreliable, but they accumulate in such a 
fashion as to render the differences between the extremes of the 
age-range much larger and of a satisfactory degree of reliability. 
All of the increases with age are small, seldom averaging more 
than one or two points a year over the years which show an in- 
crease. Further, the increases are not strictly continuous. 


Age 
10 
II 
12 
13 
14 
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(4) Reports on different materials show differential age in- 
creases. The event reports show the greatest tendency to yield 
an increase with age; the picture and the object-card follow in 
the order named. 

(5) Sex differences in report ability are, in part, a function 
of the material upon which report is made. Object-card reports 
show no consistent differentiation, while reports on the picture, 
and even more on the event, show a fairly consistent, though 
slight, tendency for the girls to excel the boys. These differ- 
ences are small, and few of them are reliable. Assurance, meas- 
ured by percent of items attested, does not vary regularly either 
with age or with sex. 


QUALITATIVE DIFFERENCES BETWEEN BINOCULAR 
AND UNIOCULAR IMPRESSIONS 


By M. J. Ziaupr and Kataryn Warp, Wellesley College 


Katz has recently reported that a dimly illuminated object, e.g. the 
whitewashed wall at the rear of a deep room which is illuminated by win- 
dows on the opposite side only, presents three changes of appearance if 
there be a sudden shift from binocular to uniocular or from uniocular to 
binocular observation. (a) The shift from binocular to uniocular ob- 
servation results in a darkening, and the reverse order of shift in a bright- 
ening of the wall. Katz states that the brightening effect attending the 
latter order of shift is more obtrusive than the darkening effect arisin 
from the closing of one eye. (b) Small spots of slight unevenness or o 
slightly different coloring are less clearly gg e in uniocular vision. 
(c) Certain entoptic phenomena, usuaily imperceptible in binocular 
vision, are clearly observable in uniocular observation. 

Previous writers have reported the change in brightness as the only 
observable alteration attending the immediate shift from uniocular to 
partial or full binocular observation (or vice versa). Fechner was probably 
the first to note this change.? Fechner used two methods of observation. 
In the first place, he suddenly placed before one of the eyes during fixation 
of the sky a gray or smoked glass which absorbed less than one-half of the 
light rays entering it;? or he suddenly removed the glass after looking at 
the sky through it with one eye. In the second place, he observed the sky 
binocularly, naturally with one eye and ete the gray glass with the 
other, and then suddenly closed the latter eye; or he suddenly opened the 
eye so as to look through the gray glass after observing the sky uniocularly. 
He found that a brightening of the visual field resulted in those instances 
in which the second phase of an observation, in comparison with the first, 
was made under increased degree of retinal stimulation, and a darkening 
effect appeared whenever the second phase had reduced total illumination. 
Aubert, McDougall,’ and Piper* found that the shift from binocular to 
uniocular observation (or vice versa) results in a perceptible change in 
brightness under conditions of low illumination only. The last named 
pr we this alteration in brightness as a function of dark adaptation. 
Dawson,’ employing a refined technique, found that smaller changes in 
brightness are detected binocularly than uniocularly, and that judgments 
of brightness are given more promptly, more consistently and more cer- 
tainly under binocular observation. He also found that the uniocular 
impressions are less determinately localized than binocular. 


*Accepted for publication July 22, 1927. 

1D. Katz, Die Erscheinungswetsen der Farben, 1911, 229 ff. 

2G. T. Fechner, Abhandlungen der mathematisch-physischen Classe der kiniglich sdchs- 
ischen Gesellschaft der Wissenschaft, 7, 1861, 416 ff. 

sWith glasses which absorbed more than one-half of the light rays, Fechner observed a 
paradozical effect, i.e. placing the filter over the eye produced a brightening and, in the 
case of opening the eye to look through the glass, a darkening of the visual field. 

4H. Aubert, Physiologie der Netzhaut, 1865, 282. 

5W. McDougall, On the relations between corresponding points of the two retinae, 
Brain, 33, 1911, 372. 

*H. Piper, Uber das Helligkeitsverhaltnis monokular und binokular ausgeléster Licht- 
empfindungen, Zsch. f. Psychol., 32, 1903, 176. 

78. Dawson, Binocular and uniocular discrimination of brightness, Brit. J. Psychol., 
6, 1913, 78. 
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EXPERIMENT I 

Our experiments were undertaken in an endeavor to con- 
firm the facts which Katz has set forth as distinguishing uni- 
ocular and binocular impressions. In the hope of securing, if 
possible, other observable differences, we also attempted to 
extend his work by making observations under somewhat 
brighter conditions of illumination than Katz used, as well as 
under the alleged optimal conditions in a dark room. 


The preliminary work was performed in a large room which is lighted 
by a large central skylight and by windows on one side only. The O was 
seated with his back to the windows, facing and 4 m. away from the ex- 
posure apparatus, which was placed just beyond the center of the room 
under the skylight. A set of 15 cardboard stimulus-cards, 28 x 30.5 cm., 
was used. Ten were achromatic, varying in large fairly regular steps be- 
tween white and velvet black; the other 5 were hues of green, fawn, yellow, 
brown and blue, every one of very low chroma. Most of these cards were 
plain; several had cross-lines and unevenness of surface in varying degrees 
of definiteness. The cards were presented in haphazard order in an ex- 
posure frame which held them in a position inclining backwards at an 
angle of 45° from the vertical. A cardboard exposure screen with an open- 
ing 12x18 cm., located 20 cm. in front of the lower edge of the card-holder, 
was operated manually by HZ. The four Os, who gave an hour per week 
(during the second semester of the 1924-25 academic session) to observa- 
tion in this experiment, were Misses V. Berkey, V. Reinhart and K. 
Knight, undergraduates in an advanced laboratory course, and the senior 
author of this study. Every O had normal vision. 

The Os were instructed as follows: ‘‘A card will be exposed for a period 
of 3 min. during which you are to view it alternately with one eye and with 
two eyes for the purpose of noting whether differences of appearance are 
correlated with the different modes of observation.”” The eyes were rested 
at least 3 min. between exposures until all after-images disappeared. The 
exposure period was soon reduced to one minute for three Os and to 30 sec. 
for the fourth to avoid serious complication of adaptation phenomena dur- 
ing observation. The Os were allowed absolute liberty as to the number 
and location of shifts. In the later stages of the work the Os were asked 
to close the eye other than that one which they naturally fell into the habit 
of closing in uniocular vision, so as to determine whether or not differences 
in the two eyes were at all responsible for any changes in appearance. 


Results. After varying periods of training in these obser- 
vations, all Os reported definite and immediate changes in the 
appearance of the cards at the moment of shift in mode of 
observation. The shift from binocular to uniocular vision re- 
sulted regularly in a darkening of the card for three of the Os. 
A clear reduction in chroma was reported regularly by two and 
occasionally by the other Os. The uniocular impression was 
characterized also by a hazy dullness. This was suggested 
somewhat less frequently than the other points of difference 
just given, nevertheless it was indicated by all Os. Every O 
remarked also the less determinate localization of these im- 
pressions. There was a strong tendency to see the opening of 
the exposure screen filled with a haze of color, and the fact that 
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the card was presented some distance behind the screen and at 
a slant was imperceptible. These facts were never clearly per- 
ceived in uniocular vision. We failed to secure a single report 
in confirmation of Katz’s statement that entoptic phenomena 
are more clearly perceived uniocularly. 

The shift from uniocular to binocular observation resulted 
regularly in increase both in brightness and in saturation, in 
determinate localization of the stimulus-card, and in the realiza- 
tion that it was presented at a slant. The binocular impressions 
were also distinguished from the uniocular by a glossy hard 
surface and by the fact, which Katz has mentioned, that minor 
details of surface are more clearly perceptible. 

Every one of the Os stated that the changes appearing with 
the shift to uniocular vision were just as obvious to the one eye 
as to the other. 


EXPERIMENT II 
The second and main experiment was performed in a dark 
room. The conditions of illumination were kept constant and 
at low intensity, where the binocular-uniocular differences are 
alleged to be most clearly observable. 


An oculist’s amblyoscope was adapted to the requirements of our ex- 
periment. The instrument was mounted upon a metal base, which was 
fastened near the edge of the table before which the O was seated in an 
adjustable chair. A brass hood, similar to that of an ordinary stereoscope, 
was fitted to the nearer end of the tubes. The darkroom measured 
4.8x2.4 m., and the O wasseated 1.5 m. from that end of the room at which 
one enters. A black curtain screen through which the hood of the ap- 
paratus protruded was stretched entirely across the room to prevent the O 
from seeing anything behind it except as the stimuli were presented in the 
instrument. 

Pairs of essentially transparent stimuli (44 mm. sq.), both members of 
which were alike, were cut from viscoloid sheeting.* The series of 15 pairs 
consisted of 8 uniformly colored and 7 figured and variegated squares. The 
hues of the former were red, green, bottle green, blue, violet, cream, amber, 
and rose; of the latter, gray pearl, green pearl, rose pearl, jade, shell, Chi- 
nese mottle, and rainbow. A _—~ set 40 cm. behind the stimulus-holders 
of the instrument and at the mi int between them, illuminated the 
two members of a pair equally at ee hae | During most of the 
work a 100-watt daylight soe lamp was used; 50-and 75-watt lamps were 
also used for short periods; they failed, however, to produce any significant 
alteration of results. 

The apparatus was stationed at an equal distance from the side walls 
of the darkroom. The O looked into the instrument and through the 
transparent stimulus-squares against backgrounds (in different experi- 
ments) of black, white, and neutral gray cardboard, which were fastened 
upon the side walls of the room. After discovering that the quality of the 
background had no crucial influence upon the qualitative character of the 
binocular-uniocular differences, we eventually settled upon the steady 
use of the pair of neutral gray backgrounds. 


8The sheets were selected from the stock which the E. I. Du Pont de Nemours Company 
of Boston manufacture. 
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Instead of the quetisatte greseten of allowing the O, as in Experi- 
ment I, to determine voluntarily the time of shift from one mode of ob- 
servation to the other, we attached just behind one of the stimulus-holders 
a shutter of hard rubber, which F operated manually to close off the view 
of one of the O’s eyes. A stop aided EZ in making a sudden and complete 
shift in the position of the shutter. 

Retinal rivalry appeared in the binocular observation of the figured 
and variegated stimuli; there was, however, no tendency on the part of the 
Os to confuse the phenomenon of rivalry with any of the distinguishing 
criteria of binocular and uniocular vision. With the uniformly colored 
stimuli, rivalry was not reported. 

The shift in mode of observation was placed at the end of the 7th 
second, as measured by a silent pendulum, of the 15-sec. total exposure 
period. In one-half of the Mae ag ogee observation began with the one 
mode, and in the other half with the other mode of observation. The Os 
were instructed to “observe carefully and report in detail any changes 
which take place in the field of vision during the period of exposure. Com- 
pose especially the presentation of the second half with that of the first 

alf of the exposure.” 

The Os were Miss M. Davidson (D) and Mrs. A. B. Hoffman (H), gradu- 
ate students in psychology, Miss A. Mathiesen (M), graduate assistant 
in psychology, and the senior author of this study (Z). All had normal 
vision and were well trained in psychological observation. M and Z had 
recently observed in a related visual experiment. Miss K. Ward, the 
junior author and an undergraduate majoring in psychology, served as E 
throughout. The Os gave an hour per week during the regular academic 
session of 1925-26 to this experiment. 


Results. Adaptation changes played a much smaller réle 
in these observations of 15-sec. exposure than in the previous 
ones of a full minute. The Os found little difficulty in dis- 
tinguishing between these changes, which develop as a function 
of time under steady fixation, and those which took place sud- 
denly with the shift in mode of observation. 

The Os reported perceptible changes in brightness, satura- 
tion, localization, distance, perspective and objectivity, surface 
appearance and transparency. Some of these changes were 
reported more regularly than others, but changes in regard to 
all of these points were indicated with sufficient frequency and 
positiveness by every one of the Os to justify their inclusion 
as points of real distinction under our conditions of observa- 
tion. Some of the stimuli favored the appearance of certain of 
these differences; some proved utterly unsatisfactory for the 
exhibition of certain points of difference. We shall take up 
these points of distinction separately. 

(1) Brightness. The change in brightness is perhaps the 
most outstanding point of distinction between binocular and 
uniocular observation. This is the change which previous 
writers have regularly noted. Our Os confirm their finding that 
the shift to uniocular vision produces a darkening, while that 
to binocular vision results in a brightening of the visual field. 
This difference was noted in more than 90% of the presentations 
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to all Os. All of the colors used exhibited this change very 
consistently. Our Os tend to substantiate the observation by 
Katz that this change, notwithstanding the fact that it is sud- 
den in initial appearance, is not a sheer momentary phenome- 
non.® They report that it persists throughout the second half 
of the observation. They also agree with Katz that the change 
which results in a brightening is more obvious and insistent 
than that which produces a darkening of the field. We offer 
as a plausible explanation of this fact the principle that a change 
in brightness is a more compulsory condition of attention than a 
change in darkness of the same magnitude. 

(2) Saturation. The Os reported regularly that the saturation 
of these colors was perceptibly reduced in uniocular vision. 
The change in saturation was not reported quite as frequently 
as the change in brightness, yet it was for every one of the Os 
one of the most regularly reported alterations attending the 
shift in mode of observation. The increase in saturation in the 
shift from uniocular to binocular observation appeared just 
as positively as the reduction in the other order of shift. Two 
of the Os, M and Z, reported with marked assurance that this 
change is more significant with the more saturated colors than 
with those of lower chroma. 

(3) Perspective and Objectivity. With the uniformly col- 
ored stimuli the Os manifested a marked tendency to perceive 


the binocular impressions as possessing depth or as standing 
out in definite perspective. These impressions frequently had 
definite objective reference. They were labelled as “a large 
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clear almost transparent gum-drop,” “a mold of cone-shaped 
clear jelly,” ‘a ball of fairly clear water-glass,” ‘a cone of 
milky white jelly,’’ etc. The uniocular impressions, on the 
contrary, seemed to lack perspective and gave little suggestion 
of meaningful object. These impressions were characterized 
as flat, soft-like, dull colors which were often somewhat obscured 
or overshadowed by atmospheric or cloud-like haze effects. 
Aside from this overlay of haze or shadow, there is only slight 
suggestion of the realization of depth in uniocular impressions. 
In fact, all Os manifested surprise at their inability to realize 
perspective during the one half, when it was readily perceived 
in the other half of the observation. In the relatively few in- 
stances when perspective was reported in uniocular impres- 
sions, the degree of perspective was slight and the perceived 
object was imperfect and incomplete. There was little effort, 
and notable inability where undertaken, to assign objective 
labels to the uniocular impressions. The perception of an ob- 
ject in perspective was not always realized even in binocular 


%Op. cit., 231. 
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observation. This seemed to depend upon an object attitude. 
Ewen under the object attitude, however, the uniocular im- 
pressions failed to mature fully as objects in perspective. 

With the figured and variegated stimuli there was slight 
tendency toward the perception of a tridimensional object in 
the binocular presentations. There was rather a tendency for 
the Os to see certain spots and patterns of the stimulus field, 
in general those of brighter tint and of richer hue as nearer, 
and the others at variable distances. The variation in distance 
of the different parts of a variegated stimulus was also per- 
ceptible uniocularly. The amount of the distances was, how- 
ever, much reduced in uniocular observation. Here the nearer 
parts appeared to be superposed upon the farther rather than 
to give the impression of any marked degree of inherent depth. 

(4) Distance. In addition to the fact that in the uniocular 
observation of the figured and variegated stimuli the nearer 
parts and the farther parts are telescoped into close compass, 
so that the impression of depth is slight, there was a pronounced 
tendency in three Os to designate the uniocular perceptions as 
somewhat more distant. The amount of this change in ap- 
parent distance from the O in the shift from binocular to uni- 
ocular observation could not be determined, owing to the fact 
that the uniocular impressions could not be determinately 
localized, as we shall indicate below. This change in distance, 
although slight in any case, is more obvious in the shift from 
uniocular to binocular observation. In this order of shift the 
impression advances from an indefinite to a definite position, 
while in the shift from binocular to uniocular observation the 
impression recedes from a definite position to one of great in- 
definiteness; accordingly, the latter observation is made under 
difficult conditions. 

(5) Localization. Every O declared that the uniocular 
impressions are less determinately localizable than those binocu- 
larly observed. The latter are always observed at a definite 
distance, while the former are seldom definitely localized. If 
the O attempted to estimate the distance and localization of 
uniocular impressions, the judgments varied widely from ob- 
servation to observation; the attempt was often given up as 
impossible. It was very exceptional that an O designated the 
uniocular impression as easily localizable as the corresponding 
binocular one. The uniformly colored were less easily localized 
under uniocular observation than the figured and variegated 
stimuli. 

(6) Transparency. The uniocular impressions seemed to 
resist visual penetration to a greater degree than the binocular 
impressions. They seemed to “cloud up somewhat”’ or to be- 
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come “slightly foggy.”’ They generally gave the Os, appre- 
ciably less than the binocular, the impression that they were 
seeing the light through the colored stimulus. Even despite 
the fact that the binocular impressions acquired marked per- 
spective, they presented a much more positive appearance of 
transparency. The less saturated of the uniformly colored 
stimuli seemed more clearly transparent, while the richer colors 
appeared more like thick jelly which gave less positive evidence 
of transparency. The figured and variegated stimuli seldom 
exhibited the difference of transparency in the two modes of 
observation. They tended rather to give the impression of a 
display of different colors at different distances in both cases. 

Transparency was influenced on the one hand by the tendency 
to configuration and on the other by alteration in brightness. 
The binocular impressions were frequently reported as more 
configured than the uniocular. Where this tendency was pro- 
nounced, the uniocular impressions were designated the more 
transparent. When the binocular impressions were relatively 
free of configurative detail, they were regularly reported as 
possessing the higher degree of transparency. 

Again, where the degree of brightness between the two im- 
pressions was pronounced, the brighter (binocular) was as a 
rule more transparent, unless there was at the same time a 
marked degree of configuration. Increase in brightness favors 
the appearance of configurative detail, and thus tends to re- 
duce transparency; but if configurative details be lacking or 
relatively subdued, the brighter impression is usually the more 
transparent. Brightness is a factor which may throw the 
matter of transparency in either direction. 

We have pointed out that the surfaces of uniformly colored 
stimuli under uniocular observation are overcast by a cloud- 
like or atmospheric haze or shadow, and that binocular im- 
pressions present a more definite limiting surface of separation. 
Our Os also indicate that in binocular observation of the figured 
and variegated stimuli the surface features, texture and de- 
tails of configuration are somewhat more definite and hard. 
In uniocular observation the more minute characteristics are 
often reduced and sometimes even indiscernible, and the sur- 
face of the visual impression is characterized by a ‘softness.’ 
The tendency of the surface to soften, and especially to develop 
the shadow or thin cloud-like effect, is most pronounced in the 
case of the uniformly colored stimuli. This point of distinction 
does not hold for the figured and variegated stimuli. Although 
we did not make direct comparison of these impressions and the 
typical film color of Katz, it appears probable that the uni- 
ocular impression may under certain conditions represent, 
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if not a typical film, some form of phenomenological intermedi- 
ate between film and surface colors. Our two Os, M and Z, 
who had previously observed in a related visual experiment, 
as yet unreported, in which direct comparison of impressions 
under Katz’s conditions were made, were convinced of the film- 
like characteristics of the impressions mediated by the uni- 
formly colored stimuli in uniocular vision. They were both 
positive, however, that the figured and variegated stimuli did 
not fulfill the requirements of film even under uniocular ob- 
servation, because they more regularly implied and aroused 
typical object meaning. It should be noted in this connection 
that Fechner’® stated that certain Os see a light shadow hanging 
upon the surface of an object which is viewed uniocularly, and 
that Aubert" also reported a very delicate shadow spread over 
the visual field when one eye is closed. 


SUMMARY AND CONCLUSION 


A number of investigators have reported a change in the 
brightness or darkness of the visual field attending the sudden 
shift from uniocular to binocular observation or vice versa. 
A recent investigator reports in addition that certain minute 
details of surface are less clearly perceived in uniocular vision. 
Under bright indoor daylight conditions we have confirmed 
these points of distinction between the binocular and the uni- 
ocular perception of an object. 

Furthermore we have added to the list the facts that uni- 
ocular impressions are characterized (a) by visible reduction of 
chroma, (b) by certain qualitative changes of surface appear- 
ance, and (c) by indefiniteness of localization. Under improved 
conditions of observation in the darkroom and by the use of 
transmitted light, we have found as further distinguishing 
characteristics of uniocular impressions, (d) the somewhat 
greater distance, as well as the indeterminateness of localiza- 
tion, (e) the lack of perspective and the tendency to lack objec- 
tive reference, (f) the lesser degree of transparency, and (g) 
the reduction of hard-surface characteristics. These differences 
tend to be more pronounced in general with uniformly colored 
stimuli than with figured and variegated stimuli. 

Unlocalizability, the tendency to take the frontal-parallel 
position, and the lack of definiteness of texture constitute three 
of Katz’s distinguishing characteristics between film and surface 


WOp, cit., 423. 
cit., 282. 
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colors.“ The points of distinction between uniocular and 
binocular impressions as secured under our experimental condi- 
tions furnish a striking parallel. If our interpretation be cor- 
rect, the stimulation of one eye, at least under certain condi- 
tions, represents an intermediate and incomplete step in the 
development of a perception. The nature of the stimulus, the 
conditions of illumination, and perhaps the mode of stimulation 
are primary conditions in arresting the process of perception 
in uniocular vision at this incomplete stage. 


1M. F. Martin, Film, surface, and bulky colors and their intermediates, this JounNaL, 
33, 1922, 451 


HOW FORMULAE ARE READ 


By Mites A. Tinker, Stanford University 


The number of items that can be recognized and named from a single 
visual impression in one exposure whose duration is shorter than the 
reaction-time of the -_ is termed the perception span for the type of mate- 
rial presented. The first important work on perception span in relation to 
reading appeared about 1885 when Cattell hones publishing the results 
of his tachistoscopic work. From then to about 1910 there was much in- 
terest and experimentation on perception span for different kinds of 
material. Since 1910 there have been practically no investigations along 
this line. The purpose of this experiment is to determine the perception 
span for items in mathematical formulae.' It is hoped from this deter- 
mination of the number of items read correctly in formulae to show whether 
there is any combination of such items into higher perceptual units and, 
if so, to point out some of the factors involved in the natural groupings. 

Comprehensive summaries of the results obtained in experiments on 
perception span and word perception are given by such writers as Huey? 
and Whipple.*? The general findings can be briefly stated. When scored 
for correct placement of right items, the perception span for unrelated 
letters lies between 2 and 3, and for digits between 3 and 4. Other in- 
vestigations place the span for letters at 3 to 4, for digits and lines at 4 to 5, 
and for unrelated words at 2 to 3. When lines are in geometrical forms, 
and letters in nonsense syllables or words, and words in phrases or sentences 
the span is increased. Words are usually read as units though not always. 
The upper part of letters and words are more essential for word perception 
than the lower part and letter complexes which form the first part have 
more influence on correct perception than those in the latter part of words. 
Certain letters and letter complexes (usually consonants which project 
above the line)‘ are very influential in determining the recognition of 
words. These have been called “determining letters’’® as opposed to the 
indifferent ones. 

All of these experiments contribute something of importance for the 
understanding of the reading process but none of them explain all reading 
situations. The results obtained from studies related to perception in 
reading show that there is a natural tendency to combine the different 
elements of a visual impression into higher perceptual units whenever 
grouping is possible. This occurs in the perception of symmetrical groups 
of lines, dots or geometrical figures; in the perception of letters in the form 
of nonsense syllables or words; in the perception of words in phrases or 
sentences. No individual can be classified strictly as a certain type of 
reader, nor does any one person read by the same method in all readin 
situations. He may read largely by word wholes with certain materia 
while with other more difficult copy his reading may be largely analytical. 


*Accepted for publication June 8, 1927. 

1This study is part of a reading investigation carried out under the direction of Pro- 
fessor W. R. Miles. The expenses were met from the Thomas Welton Stanford Fund for 
Psychological Research. 

2E. B. Huey, Psychology and Pedagogy of Reading, 1909. 

3G. M. Whipple, Manual of Mental and Physical Tests, I, 1914, 262-296, 305-329. 

4Cf. O. Messmer, Zur Psychologie des Lesens bei Kindern und Erwachsenen, Arch. f. d. 
ges. Psychol., 2, 1903, 190-298; Julius Zeitler, Tachistoskopische Versuche iiber das Lesen, 
Philos. Stud., 16, 1900, 380-463. 

8A. Goldscheider and R. F. Miller, Zur Physiologie und Pathologie des Lesens, Zsch. f. 
klin. Med., 23, 1893, 131-167. 
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Method. The tachistoscopic method has been found useful for the de- 
termination of perceptual factors involved in visual reading. It has been 
the principal mode of procedure in studying configuration in reading and 
the facilitating factors. While short exposure reading is not a normal read- 
ing situation, many of the facts educed from this type of investigation 
have been shown to be intimately related to normal reading. Our imme- 
es problem is to determine the perception span for mathematical for- 
mulae. 

Five advanced students (R, M, De, Dr, and T), in the Stanford Psychol- 
ogy Department served as Ss in this experiment. R, M, De, and Dr had 
completed the equivalent of two courses in high school mathematics, and 
T had a thorough training in calculus. They were all given the Snellen 
chart test for visual acuity. Those wearing glasses were allowed to use 
them during the visual test since they wore them during the experiment. 
They all made scores of 20/20 or above on the chart. 

The stimulus material consisted of mathematical formulae and equa- 
tions which were cut from algebra texts. The printing types in the various 
texts were approximately the same. These formulae were pasted at the 
center of cards about 8 x 9 cm. in size. The formulae were of various sizes 
and lengths. The smallest consisted of three items and the largest of 15. 
Fractions as well as linear formulae were used. The total number of 
formulae was 305 plus those used for the practice series. All were pure 
algebra except six which were from mechanics. 

Apparatus. A Wirth revolving disk tachistoscope was used for ex 
posing the formulae. The disk could be revolved by hand or with a motor: 
In this experiment it was turned by hand so as to synchronize with the 
complete swing of a pendulum once in 3 sec. After a certain amount of 
practice EF was able to do this with a good degree of constancy. What 
small variation may have occurred does not affect our experiment since 
we desired to have an exposure which was less than the reaction-time of the 
eye and one that was approximately 0.1 sec. Opening the window on the 
disk to a width of 8.5 cm. and revolving the disk once in 3 sec. gave an 
exposure of 102 c. A card carrying a fixation dot remained in the window 
prior to exposing a formula. 

The Ss sat at the the normal reading distance from the exposed material. 
This distance was measured at the beginning of every sitting and kept 
within the limits of 15-16 in. 

Procedure. The experiment was conducted under constant artificial 
lighting. The illumination was 14 foot-candles per sq. ft. 

Every S observed regularly twice a week. From 25 to 40 formulae 
were read at every observation period. The first sitting was a practice 

riod. Every day, before any exposures were made, the Ss read over the 
ollowing instructions: 

“The object of this experiment is to find out how large a formula can 
be read during a very brief given exposure. Formulae or equations of dif- 
ferent lengths and of different types will be exposed in the tachistoscope 
window, while the time of exposure will be kept the same. After you have 
viewed a formula or equation, you are to write it down, reproducing the 
arrangement. You are not required to reproduce it in exact size. If you 
did not perceive all the material exposed, write as much of it as you can. 
Draw a circle around any part concerning which you are uncertain. 

“Shortly after my ‘ound? signal you will hear a loud click. 144 seconds 
after this click the formula or equation will be exposed. It will appear 
in the exact region of the large dot shown prior to the ready signal.” 

At the end of every series of observations the Ss made a written report 
in which they discussed the facility or difficulty encountered in making the 
observations, the place where difficulties occurred, and the degree of as- 
surance that their responses were correct. 
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Sometime after this series of observations was completed, 4 of the Ss 
(the other had left the University) served in an experiment to determine 
the perception span for simple series of unrelated latters. The same ap- 
paratus and technique were used as with the formulae. The stimuli con- 
sisted of simple series of unrelated letters which were typed on the cards. 
Care was taken to avoid nonsense syllables. The series varied in length 
mer | 3 to 12 letters. In this latter experiment 180 different series were 
read. 


Scoring. The formulae and equations were scored for the number of 
items correctly reproduced in the right order. Mathematical signs, division 
lines between numerator and denominator, radical signs, parentheses,‘ etc., 
were counted as separate items, as well as the letters and digits. Any mis- 
placed item was counted as wrong. 

The number of times a formula of any given length was read right or 
wrong was determined. The average number of items read at each ex- 
posure was calculated for the total number of formulae. The average 
amount of formulae read correctly, of those formulae incompletely read, 
was determined for formulae involving fractions and also for those not 
involving fractions. 


Experimental Results. The results show a rather wide range of indi- 
vidual differences. For this reason the individual results as well as the 
averages are given. The mathematically skilled individual (T) was no bet- 
ter than two of the other Ss (Dr, De) who are somewhat faster readers 
than the average as determined on reading tests used in another part of 
this general investigation. T left before we could determine his reading 
rate, but we have his verbal statement that he is considered to be somewhat 
faster than the ordinary reader in speed. In my with the criticisms 
= above, the results of this experiment should be considered in the 
ight of the small number of Ss used, and the conclusions with this in mind 
should be accepted as tentative and suggestive rather than final. 

In Table I are shown the number of items read correctly per exposure 
for formulae and also for unrelated letters. In line 1 of the table is given 
the average number of items read correctly when only those formulae 
and equations were considered that were completely read. The average 
number of items read is 5.10 with a range for the different Ss of 4.81 to 5.70. 
The general average is slightly smaller (5.08) when all formulae are con- 
sidered (line 5). “t we compare this with the last line of the table, which 
shows the span for unrelated letters, we see that nearly twice as many 
items are read in formulae as in unrelated letters. For unrelated letters 
the average number read is 2.96 with a range for the different Ss of 2.71 to 
3.68. 

In line 2 is given the average number of items read when the formula is 
completely the and involves fractions. Line 3 gives the same for formulae 
com ~~ read where no fraction are involved. If we now compare the 
results in lines 1, 2 and 3, we see that it is somewhat easier to read form 
in the form of fractions than linear formulae when they are within the per- 
ception span of the individual. The largest formulae read of those which 
involved fractions varied in size from 7 to 12 items; for linear formulae 
8 to 9 items (not given in table). For the whole series, the average length 
of linear formulae was 5.73 and of fractional formulae 7.45 items. 

The upper range for letter series varied from 5 to 7 letters. A difference 
between linear formulae or letter series and fractional formulae might be 
expected on two counts: (1) fractions provide a natural grouping schema 
which resembles the situation with geometrical figures and symmetrical 


_ *The two parts of a parenthesis were taken as separate items and the misplacement of 
either part counted wrong. 


t 
& 


HOW FORMULAE ARE READ 479 


grouping of lines; (2) the vertical axis of the fovea can be used especially 
in reading fractions, for Ruediger has shown that the area of distinct vision 
is usually an oblong space and though the horizontal axis is the longer the 
vertical spread is considerable.’ For 2 Ss (De and T) the advantage de- 
rived from having the formulae in the form of fractions is about one item 
per formula. Further consideration will be given to the fraction-form as a 
configuration. 

Line 4 gives the averages where no single formula was completely read. 
Most of these formulae were those which included a comparatively large 
number of items. In line 5 are the averages when all formulae read are 
considered. In comparing line 4 with lines 5 or 1 we find that for all but 
one S (Dr), there is a slight advantage derived from viewing formulae that 
are ordinarily longer than the spun of perception. Whipple found a similar 
advantage in ation letter series where the longer series gave a somewhat 
higher average performance.® 


TABLE I 
Tue AVERAGE NuMBER oF ITEMS CorRECTLY READ IN FORMULAE AND 
UNRELATED LETTERS WITH THE PROBABLE ERRORS 
OF THE AVERAGES 
SUBJECTS 
Items R M Dr De T Average* 


1. Complete +.08 | 5.10.07 
formulae 

2. Complete: 
fractions 

3. Complete: |4.33-+.13/4.81 +.09|4.87 +.08/5.32+.09/5.11 +.08 | 4.83.10 
no frac- 
tions 

4. Incomplete |4.95+.02/4.91 +.07|4.73 +.07|6.30+.24/6.18+.10| 5.20+.10 
formulae 


4.67 +.07|4.87 +.05/4.87 +.05|5.90+.10|5.73+.10| 5.08 +.07 
formulae 


6. Unrelated [2.71 +.05|2.71 +.06|2.74 +.07/3.68+.05 2.96 +.06 
letters 


*T is not included in average. 


Finzi’s study in which he exposed groups of nine letters for 16.7 o is the 
only other investigation known to us where misplaced items were counted 
wrong.’ The perception span for unrelated letters of 2.32 as determined 


by him is about half our perception span for formulae. Cattell’s and also 
Erdmann and Dodge’s perception span for letters is appreciably lower than 
our formula perception span. 

Perception span for formulae seems to bear some relation to speed in 
reading. Dr, De, and T, who are faster readers than R and M, show a larger 
span, especially De and T. It is hard to say whether it is greater relative 
— of perception or greater absolute span which is the influential factor 

ere. 


™.C. Ruediger, The field of distinct vision, Arch. Psychol., No. 5, 1907. 

8G. M. Whipple, Effect of practice upon the range of visual attention and of visual 
apprehension, J. Educ. Psychol., 1, 1910, 249-262. 

*J. Finzi, Zur Untersuchung der Auffassungsfahigkeit und Merkfahigkeit, Psychol. 
Arbeiten (Kraepelin), 3, 1900, 289-384. 

J, McK. Cattell, Uber die Tragheit der Netzhaut und des Sehcentrums, Philos. Stud., 
2, 1886, 94-127; B. Erdmann and R. Dodge, Psychologische Untersuchungen iiber das Lesen 
auf experimenteller Grundlage, 1898. 
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If the formulae and isolated letter groups are scored according to the 
percent of times which a formula or letter-group of any given length is read 
right and wrong, approximately the same relationship is found as above. 
Table II compares the rception span for formulae to that for unrelated 
letters when formulae of any given length are scored right or wrong. Three 
Ss (R, M and Dr) read formulae of 5 items correctly more often than wrong 
while the largest letter groups ood in the same way are respectively 3, 4, 
and 4. The largest formulae read in this way (right more than 50% of the 
time) by De and T are those of 7 items. The largest letter group for De 
was 5 which was read right just 50% of the time. The upper range for 
size of formulae read correctly varied from 9 to 12 items, and for letters 
from 5 to 7 items. These results, like those in Table I, show that the per- 
<<a span for formulae is materially larger than that for unrelated 

etters. 

The average pemens of the incompletely read formulae which were re- 
produced correctly and also the percent of the various kinds of items which 
were grasped correctly in these formulae are given in Table III. It is 
found, where all items are considered, that on the average 65% of the 
items were reproduced accurately and that 3% more of the items were 
grasped in linear than in fractional formulae. If we consider signs alone 
however, 81% of the possible items were read correctly on the average and 
there was practically no difference when the formulae were in the form of 
fractions and when they did not involve fractions. For digits, 60% were 
reproduced in the right order on the average and here also there was no 
practical difference between reading fractions and non-fractions. Consider- 
ing only the letters it is found that 58% were read correctly on the average 
and that 12% more were accurately reproduced in linear formulae than in 
fractional formulae. In linear formulae the items at the right end were 
usually digits. The fact that these items were frequently not grasped cor- 
rectly may explain part of the 12% difference. On the average there were 
1.61 signs, 2.16 digits and 1.94 letters per linear formula; 2.86 signs, 2.33 
digits and 2.25 letters per fractional formula. In general, considering all 
kinds of formulae, there were 2.20 signs, 2.22 digits, and 2.10 letters per 
formula, i.e. about the same number of each kind of character. 

The averages for the correct reading of the various kinds of items in 
Table III show that signs were correctly reproduced 21% more often than 
digits, 23% more often than letters a 16% more often than the average 
for all items. These results indicate that the mathematical signs of for- 
mulae as here defined, either in fractions or in non-fractions, are decidedly 
easier to read from very brief exposures than are either digits or letters. 
Total shape of the formulae seems to be an important factor involved 
here and will receive further consideration under the discussion of con- 
figuration. In comparing digits with letters it is found that they have 
about the same amount of correct readings. 


Reports of the Subjects. An analysis of the reports of the Ss throws some 
light on factors involved in reading formulae from short exposures. The 
factors tending to make the reading difficult were of five kinds and were 
mainly concerned with legibility. (1) Small sized type was considered very 
hard to read, especially in the form of exponents and fractions. (2) An- 
other drawback was the lightness of type face used in many of the formulae. 
(3) Formulae which were very compact and also those which were complex 
in structure were obstacles to easy reading. (4) Italicized type, either 
numbers or letters, was considered difficult to mm especially in the smaller 
types. (5) Very long formulae tended to confuse S so that he usually 
perceived correctly a smaller number of items than when formulae of med- 
ium length were exposed. This is a common experience in all sorts of short- 
exposure reading. 
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The principle factors which tended to facilitate tachistoscopic reading 
of formulae were of four kinds. (1) It was considered easy to grasp short 
or medium sized formulae whose items were well spread out so there was 
considerable white space around each item. (2) nm fractions facilitated 
ease in reading. (3) Signs of all sorts were said to be easier to grasp than 
either letters or digits—especially radical signs, parentheses, and lines 
dividing numerators from denominators. (4) Capitals and large or heavy- 
faced type were factors that facilitated the reading of formulae. 


Taste IT 
PERCEPTION SPAN FOR ForMULAE (F) ComparRED TO PERCEPTION SPAN 
FOR UNRELATED Letters (L). Score in percent of times 
read right and wrong 


Formula 

or letter 
series 
length 


3 


Sussects Average 


De 
F LIF 
95| 90| 100 
5 


fe) 


93| 95 


50| 8&9 
17| 50] It 


74| 67 
26/ 33 


68| 5] 57 
32 43 


45 28 
55 72 


40 31 
60 69 


12 18 
88 82 


R 
R 
Ww 
R 
Ww 
R 
R 
R 
W 
R 
Ww 
R 
Ww 


13 II 
87 89] 95 


28 6 
100 100 | 100 | | I00 82 100} 100 
*The perception span for unrelated letters was not obtained for T. d 

tNo f portent ee all the items in their correct order for formulae containing more than 
12 items. 


The assurance of correct response was high for short, simple formulae 
which did not involve exponents. For long formulae there was much more 
assurance of correctness for the items at the beginning and the end than 
for those in the middle. All the Ss reported that they saw more than they 
could remember long enough to write down. They indicated lack of as- 
surance as to correctness about certain items by drawing a circle about 
them. This was not trustworthy for the encircled items were more often 
right than wrong. 


II 


H 
| 
i | 
| 
|. 
95| 65| 90| 80] 90] 80 79 
5! 35| 10] 20| Io] 20 6) 21 ti 
4 37| 54] 89] 80 QI| 64 h 
63| 46] Ir] 20 9| 36 

5 66| 13| 72] 20] 66| 30 75| 28 i 

34| 87] 28] 34] 70 25| 72 q 

6 32} ©} 20; 3) 54) 3 49 2 

68 | 80] 97| 97 51} 98 
- 

7 28] o| 29| 33] o 43 I 

72 | 100 67 | 100 57; 99 

8 9| 6] 3] o 18} o 

91 | 100} 94|100| 97| 100 82 | 100 
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Factors in Configuration. The results of this experiment indicate quite 
clearly that there is a small d of configuration involved in the reading 
of formulae. At least two different things can be cited as factors which 
are very probably involved in the combining of single items into higher 
units in the reading of formulae and equations. (1) Terry, in an eye- 
movement study, has shown that there is a tendency to read certain famil- 
iar numbers of more than one digit as a single unit." Dearborn has also 
noted a tendency to grou ing when comparatively small numbers were 
read. In a previous eal the writer has shown through the subjective 
reports of Ss that very often a number of two or three digits tends to be 
read as a single unit.* There is no reason why this should not also occur 
sometimes in the ary simple familiar combinations of a digit and a 
letter, such as ‘2x.’ (2) The general total form of the formula is undoubt- 


edly a factor in configuration. Goldscheider and Miiller noted a decided 
tendency to p more lines exposed tachistoscopically wherever it was 
possible for the reader to group them into a somewhat regular pattern.“ 


III 
Resvu.ts FOR INCOMPLETELY Reap The percent of 
different kinds of formulae and different kinds of items read correctly, 
with the probable errors of the averages 


Kind of Kind of SusJects Aver- 
Characters Formula R M De Dr T age 
General (av.) 60+01|/64+01/61 


All items | Fractional 
Linear 61 67 +01 


Fractional 79 81 +01 
Signs* Linear 79 +0281 +02/92 +02/73 +03/84 +03) 82 +02 
Av. of both 79 +02/80+02/90+01|73 +03/84-+02| 81 +02 


Fractional 58 +02/48 +02/68 +03/58 +03/63 59-02 
Digits Linear 64 +02|51 +03/67 403/65 +03/65 62+03 
Av. of both 61 402/49 +02/67 +03/61 


Fractional 47 02/53 +05/44 +02/62 +02) 52+03 
Letters Linear 5504) 5503/77 +0365 +03/69 +03) 64-03 
Av. of both 51 03/53 02/65 +04| 54 -+02/65 +02] 58-+03 


*The dividing lines between numerator and denominator, radical signs, parentheses, 
etc., as well as the ordinary arithmetical signs, were put in the category of signs. 


The records of all the Ss show consistently that the general form of the 
formula or equation was grasped even if none of the letters or numbers was 
read. Some of the facts involved in the general form are: the two parts of 
an equation separated by the equality sign, the dividing line between de- 
nominator and numerator, prominent signs as the radical sign and paren- 
thesis, and the position of exponents and subscripts. The fact that all 
sorts of si were read correctly much oftener than letters or digits (Table 
III), emphasizes the influence of signs as factors in grouping. 


up, W. Terry, How numerals are read, Suppl. Educ. Monog., 1922, no. 18. 

uW. F. Dearborn, Psychology of Reading, 1906 (also as Contrib. Philos. and Psychol., 
Columbia Univ., 14, 1906, No. 1). 

3M. A. Tinker, Reading reactions for mathematical formulae, J. Exper. Psychol., 9, 
1926, 444-467. 

“Op. cit. 
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SuMMARY AND CONCLUSIONS 


(1) This study was undertaken to determine the perception span for 
mathematical formulae and to note any tendency toward configuration 
in the reading of the formulae. 

(2) Individual differences were noticeable: the faster readers had a 
larger formula span. 

(3) The average perception span for items in formulae of our 5 Ss was 
nearly twice as great as for unrelated letters: 5.21 in formulae (4 Ss: 5.08) 
and 2.96 in letter series. The largest formulae read correctly hed 12 items; 
the longest letter series, 7 letters. 

(4) For formulae within the perception span of the individual, those 
involving fractions are somewhat easier to read. 

(5) Formulae read completely and correctly (see Table II) show about 
the same a span advantage of formulae over letters that is in- 
dicated in conclusion (3). 

(6) For formulae ogi | read, 3% more of the items exposed 
were reproduced correctly in the linear than in the fractional formulae. 

(7) Signs in both kinds of formulae were found to be much easier to 
read than digits or letters. 

(8) Only 1% more signs and 3% more on were grasped in linear 
than in fractional formulae but 12% more of letters were read correctly 


where fractions were not involved. Part of this 12% difference was prob- 
ably due to the letters being largely confined to the left part of linear for- 
mulae where the least number of mistakes were made. 
(9) In general (see conclusion 3), nearly the same percentage of ex- 
sed material was grasped for both types of formulae, fractional and 
inear, although the number of items in the fractional was about 37% 
greater. This shows a strong influence of formula contour as an aid to 


perception. 

(10) Five kinds of difficulties were noted by the observers in reading 
briefly exposed formulae. They were largely legibility factors and con- 
sisted of (a) smallness of type, (b) lightness of face of type, (c) compactness 
so ~ reamed in formula structure, (d) italicized type, and (e) length of 

ormula. 

(11) Four different factors which facilitated the reading of formulae 
were found to be: (a) fairly short formulae whose items were discrete; (b) 
simple fractions; (c) signs of all sorts; and (d) capitals and large or heavy- 
faced type. 
Cay on of assurance as to correctness in the reading of different 
parts of formulae did not agree with the objective reponse data. 

(13) Among the factors influencing configuration or grouping in for- 
mulae are the following: (a) the tendency to read numbers of 2 or 3 digits 
as a unit; and (b) the general total shape of the formula. 

(14) The results warrant the conclusion that the perception span for 
items in formulae is greater (about double) than for unrelated characters 
and that this larger span is due to a tendency toward configuration. 
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HEAT INTENSITY 


By Newton C. Burnetr and Kart M. DALLENBACH, 
Cornell University 


Though the study of heat which we recently reported was primarily 
devoted to the qualitative analysis of the experience-—we found that heat, 
aroused by paired temperature stimuli which singly are adequate only to 
cold and warmth, is psychologically “a simple quality that lies in the 
pressure-prick-pain continuum, near prick and closer to pressure than to 
pain’’*—we nevertheless were able to show that a close relation exists be- 
tween the intensity of heat and the differential of the stimulus-combina- 
tions. Stimulus-combinations with large differentials gave more ‘heats’ 
than those with small, and the absolute as well as the relative number of 
‘mild’ and ‘intense’ reports varied directly with the size of the differential. 

Convincing as the statistical evidence may appear, conclusions regard- 
ing the correlation between heat intensity and stimulus-differential must 
be tentative until results are obtained from the direct comparison of differ- 
ent stimulus-combinations. The object of the present a was to obtain 
these results, i.e. to find, by making direct comparisons, how closely in- 
— gradations of heat are correlated with changes in stimulus-differ- 
ential. 


APPARATUS AND PROCEDURE 


Apparatus. Two temperature grills such as were used in the earlier 
study, one for each arm, and four constant temperature water-baths, two 
warm and two cold, were used in the present study. The same checks and 
controls as in the earlier work were also used in the present study.‘ The 
grills were placed on a table, 40 cm. apart, and were placed in frame holders, 
which were so arranged that the spatial relations of the grills could easily 
and quickly be interchanged. In one series of experiments Grill I was at 
the left and Grill II at the right; and in a second series Grill I was at the 
right and Grill II at the left. These two series of experiments were con- 
ducted in order to control the space-error. The temperatures employed in 
the earlier study (2°, 10°, 20°, and 30° C for cold; and 34°, 37°, 40°, and 
43° C for warm) were again used in the cold and warm systems of each grill. 


Method and instructions. We employed the method of paired com- 
parisons.’ Every stimulus-combination was presented with every other in 
the two space-orders (making 256 comparisons for every O). After E had 
brought the systems of each grill to the desired temperatures, he called the 
Os, who were waiting in an adjoining room, one at a time, and asked them 
to compare the intensities of the heat experiences aroused by the two grills. 
The following instructions were read to the Os at the beginning of every 
experimental hour. 

‘At the signal ‘now,’ place the volar surfaces of your forearms upon the 
grills before you. Relax and keep the pressure of your arms as constant as 
—. Report which of the two grills, if either, gives the experience of 

eat. If both are hot, report which of the two is the hotter.” 


*Accepted for publication May I, 1927. 
1N. C. Burnett and K. M. Dallenbach, The experience of heat, this JouRNAL, 38, 1927, 


418-431. 

23, 431. 423-425. ‘Tbid., 419. 

sE. B. Titchener, Experimental Psychology, Qualitative, Student's Manual, 1901, 92 ff.; 
tbid., Instructor's Manual, 1901, 151 ff. 
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Observers. Our Os were Dr. C. A. Dickinson (Dn), honorary fellow in 
psychology; Mr. J. P. Guilford (G), assistant in psychology; Dr. 7 
Helson (H), instructor in psychology; and the senior author (D). H and 
had served in the earlier study. 


Procedure. O seated himself at the grill-table as soon as he came into 
the experimental room, and at the signal from E placed the volar surface 
of his forearms on the grills. There was no time limit; O gave his report as 
soon as he had reached a judgment. All the Os, however, made their judg- 
ments easily and quickly. Equal judgments were permitted. Out of the 
240 experiments in which different stimulus-combinations were compared, 
D gave 10 ‘equal’ judgments; Dn, 1; G, 12; and H, 5. The relative infre- 
quency of the equal judgments indicates the ease with which the judgments 
were given. As soon as O had given his judgment he left the experimental 
room, and one of the other Os entered. When they had all given their 
judgments upon a particular pair of stimulus-combinations, Z interchanged 
the positions of the grills, and the experiments were repeated with the same 
stimulus-combinations but in the other space-order. None of the Os except 
D was aware of this procedure, which was adopted merely to save time. 
The adjustment of the temperatures of the different systems of the two 
grills was more time-consuming than the taking of the Os’ judgments. 

After the reports had been received from all the Os for the particular 
setting in the second space-order, the temperature in one of the systems of 
one of the grills was changed, and the grills—still in the second space-order 
—were again submitted to the Os for their judgments. After their judg- 
ments had been given for this setting in this space-order, the — were 
shifted to the first space-order and again submitted to the Os. Alternation 
in space-order was thus continued during the entire experiment. 


RESULTS 


The results of the experiments are shown in the accompanying tables 
and figures. The crude data are shown in Table I. For the want of space, 
we give the results in Table I of but two Os, D and H. We present 
the data of these Os because they mark, as is shown in Tables II and III 
the extremes of our Os in sensitivity to heat. H is the most sensitive,® an 
D the least. 

The boldface diagonals in Table I give the results of the Os’ judgments 
when identical stimulus-combinations were compared. The data below the 
diagonal show the results of the Os’ judgments in Series 1, i.e. the first 
Pinon and the data above the diagonal show the results in Series 2— 
the second space-order. 


(1) Distribution of the intensive judgments. The number of times that 
the different temperature-combinations were judged as ‘hotter’ by the Os 
is shown in Table II and in Figs. 1-3. These data prove that the intensity 
of the sensation is dependent upon the stimulus-differential. The greater 
the stimulus-difference, with any given setting of the warm or the cold 
systems, the more frequently is the judgment of ‘hotter’ returned. This 
relation is clearly shown in Figs. 2 and 3, in which the results are shown 
separately for the cold and warm temperatures. In Fig. 2, the judgments 
of ‘hotter’ are shown in relation to the cold stimuli; in Fig. 3, they are 
shown in relation to the warm stimuli. The curves of the ‘hotter’ judgments 
in Fig. 2 show a marked tendency to fall as the stimulus-difference becomes 
smaller; and in Fig. 3 they show an even more pronounced tendency to rise 
as the difference becomes larger. The correlation indicated in the earlier 
study is thus confirmed by a direct comparison of the intensities of the heat 


‘Burnett and Dallenbach, op. cit., 424 f. 
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Taste I 
Crope Data ror D anp H, tHe JupGments oF ‘Horrer’ RETURNED 
BY Eacu FoR THE TWO SPACE ORDERS 
Bold-face gee gives the ju ents of identical stimulus-combinations; data 
below diagonal show judgments of first space order, above 
diagonal of second space order 
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sensations aroused by the different stimulus-combinations: the intensity of 


the heat sensation is dependent upon the stimulus-differential. With any 
given cold stimulus, the greater the difference in temperature between it 
and the warm stimulus (an ‘intra-standard’ comparison), the greater is the 
intensity of the heat sensation. For example, 2°-34° for D gives 3.5 ‘hotter’ 
reports; 2°-37° gives 19, 2°-40° gives 27.5; and 2°-43° gives 29.5. Similarly, 
with any given warm stimulus, the greater the difference in temperature 
between it and the cold stimulus, the greater is the intensity of the resulting 
heat sensation. For example, 43°-30° for H gives 12.5 ‘hotter’ reports; 
43°-20° gives 18.5; 43°-10° gives 23.5; and 43°-2° gives 29.5. (‘Equal’ judg- 
ments were counted as 0.5 for each of the stimulus-combinations involved 
in a particular experiment.) 


o|  Stimulus- 
temperatures | 
No.| 1 
2°+34° | 1 |no 
2°+37° | 2) 2 
2°+40° | 3/3 
2°+43° | 4| 4 
10°+34° | 6 |no 
10°+37° | 6 |no 
10°+40° | 7 |no 
10°+43° | 8 | 8 
Diz 20°+34° | 9 
©] 20°+37° |10 |no 
20°+40° |11 | 1 & 22 31 
20°+43° |12 |no 12 12 12 = 12 12 12 12 
30°+34° |13 |no 6 no 11 12 no no no 16 
30°+37° |14 |no no no 11 12 no no no 16 
30°+40° |15 |no no no 11 12 nonoL 16 
__|_|.30°+43° |16 |16 no 16 16 = no 16 16 L 
2°+34° |} 1 |= 1011 1 1414 1 16 
2°+37° | 2) 2 
2°+40° | 3|3 333 3 8 
2°+43° | 4 
10°+34° | 6 |no 1112 6 6 6 
10°+37° | 6 | 6 66666 
10°+40° | 7 | 7 
—| 10°+43° | 8 | 8 8 8 8 8 8 
20°+34° | 9 1112999 
©} 20°+37° |10 |10 10 12 10 10 10 
20°+40° |11 | 1 L 11 11 11 11 
20°+43° |12 |12 12 R 12 12 12 12 
30°+34° |13 |13 11 12 nono 15 @ 
30°+37° |14 |14 1112 18 L 14 16 
30°+40° |15 |16 11 12 15 15 L 16 
| 30°+43° 116 |16 


2) 
w 


-|00 


TNO 


oO 


wh 


CONNIS 


omna 

oon 


IN wh 
ADM 

an | 

Nw 

BON 

+ 

tO AN 

“Aa 


E 
: 
>} 
< 
q 


oro 
Nn 


z 


Jepi0 Japio Japio Japio sovdg 
H 2) uq a 
ALLO, SV AHL LVHL SAW], 40 
II 


| 
487 
= 
| 
i 
i 
— 
3 
° 
i 
| 
loc 0 0 64.66.18 
° ° ° 
° ° ° 
N 


BURNETT AND DALLENBACH 


5 6 7 8 2 13 14 «18 
StimuLus NuMBERS 


Showing the number of times the different temperature combi- 
nations were judged as ‘hotter’ 
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D Dn G H 


Fig. 2. Judgments of ‘Hotter’ shown in relation to cold stimuli! 
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Fic. 3. Judgments of ‘Hotter’ shown in relation to warm stimuli 
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The relation between the stimulus-difference and the intensity of the 
sensation holds when ‘intra-standard’ differences are considered, no matter 
what the standard may be, whether warm or cold. It does not hold, how- 
ever, when comparisons of ‘inter-standard’ differences are made, i.e. when 
we compare the number of ‘hotter’ reports in the case of stimulus-differ- 
ences with different standards. For example, the difference between 2° and 
34° is 32, and that between 30° and 43" is 13; yet the stimulus-combination 
30°-43°—in spite of the fact that it has the smaller numerical difference— 
was Judged as ‘hotter’ by all the Os more frequently than was the combina- 
tion 2°-34°. These instances do not, however, invalidate our general con- 
clusion—that the intensity of the heat sensation is dependent upon the 
stimulus-differential; they merely show that the stimulus-differential is not 
adequately represented by the numerical differences between the tempera- 
tures of the warm and cold systems of the heat grill. 


Taste III 


NuMBER oF TIMES FOR THE DIFFERENT TEMPERATURE-COMBINATIONS 
THAT HEAT WAS NOT EXPERIENCED 


Stimulus- 


temperatures Observers 
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Total 


(2) Cases in which heat was not experienced. Our conclusion, that the 
intensity of the heat sensation is dependent upon the stimulus-differential, 
receives negative as well as positive confirmation from our data. The 
negative evidence is shown in Table III, in which the number of times that 
heat was not experienced at the different temperature-combinations is 
recorded separately for the different Os. The ‘no’ judgments in Table I, 
which presents the crude data for D and H, show the various experiments 
and the stimulus-combinations when they did not experience heat. Since 
two stimulus-combinations are involved in every judgment—one combina- 
tion in each of the grills—every ‘no’ report must be counted twice: once 
across Table I for the temperature-combination used in Grill I; and a 


| 
f 
Total 
|| Warm 
34° I 52 i 
_ 16 
40° I 
43° | 
34° 44 
37 19 | 
10° 40° 3 i 
43° I 
34° 9 50 
20° 10 29 
40° 11 9 
43° 12 3 
34° 13 45 
30 37 14 | 36 
40° 15 22 
aa° 16 | 6 
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second time down the table for the temperature-combination used in Grill 
II. The number of cases shown in Table III is, therefore, twice the number 
actually 

Table III shows, for ‘intra-standard’ comparisons, that fewer ‘no’ re- 
ports were returned by all the Os for stimulus-combinations with large 
temperature-differences than for stimulus-combinations with small tem- 
perature-differences. For example, taking 30° (cold) as the standard, Dn 
reported ‘no’ 13 times with the stimulus-combination 30°-34°; 10 times 
with 30°-37°; 7 times with 30°-40°; and 2 times with 30°-43°. Again, taking 
43 (warm) as the standard, G and H reported heat in every experiment; 

m reported it in every experiment but one, and in that instance the tem- 
perature combination was 43°-30°—the smallest stimulus-difference used 
with that standard; while D reported ‘no’ 4 times with the stimulus com- 
bination 43°-30°, 3 times with 43°-20°, once with 43°-10°, and no times with 
43°-2°. e ‘intra-standard’ comparisons show that the number of ‘no’ 
aa varies inversely with the stimulus-difference: the larger the stimulus- 
difference, the fewer the number of reports. 

When we turn to ‘inter-standard’ comparisons we find, as we did in the 
case of the itive evidence. contradictory results. In a number of in- 
stances, as Table III shows, the number of ‘no’ reports varies directly with 
the stimulus-difference. For example, G gave 13 ‘no’ reports at 30°-34°— 
a stimulus-difference of 4; and 16 ‘no’ reports at 2°-34°—a stimul er- 
ence of 32. Such instances, however, do not (as we have said above re- 
garding the apparently contradictory results of the ‘inter-standard’ com- 
parisons) affect our conclusions. They merely indicate that the stimulus- 
differential is not represented by numerical differences. Thus the negative 
evidence corroborates the positive at every point. 


TaB_e IV 

NuMBER OF TIMES, WHEN IDENTICAL STIMULUS-COMBINATIONS WERE Com- 

PARED, THAT ‘No Hea?’ AND ‘Equal’ JUDGMENTS WERE RETURNED, AND THE 

NuMBER OF Times THAT ‘HOTTER’ WAS REPORTED AT THE RIGHT AND AT 
THE Lert 

O No heat Equal | Left ‘hotter’ | Right ‘hotter’ 

D 2 4 4 

Dn I 4 

G 3 7 

H 4 4 


(3) Space error. As is shown in Table II, the difference between the 
number of ‘hotter’ reports given in the two space orders is so small that we 
may, at least for three of the Os (Dn, G, and H), conclude that the difference 
(5, 3, and 2 cases respectively) is due to chance, and that the space order 
is not effective in judgments of the intensity of heat that are aroused on the 
volar surfaces of the left and right forearms. In the case of the fourth O 
(D) the difference—15—is of the order that makes it significant. D seems 
to be slightly disposed toward judgment to the right. 

Our general conclusion, however, that the space order is not effective 
under our conditions, receives confirmation when the results of the com- 
parisons of identical stimulus-combinations are taken into consideration. 
Of the 16 comparisons in which identical stimulus-combinations were used 
in the two grills (the results of which are shown for D and H in the boldface 
diagonal in Table I) D reported, as Table IV shows, the ‘hotter’ experience 
4 times at the right and 4 times at the left. These data indicate that D is 
evenly balanced as between the right and the left, and that if there is any 
disposition toward the right, as the results of the total experiment seem to 
indicate, it is slight. H reported the ‘hotter’ experience 5 times at the right 
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and 4 times at the left—no indication of a space error there. The data of 
Dn and of G, on the other hand, show a slight disposition to the left. Dn 
reported the ‘hotter’ experience 7 times at the left and 4 times at the right; 
and G reported it 7 times at the left and no times at the right. The dis- 
— of these two Os to the left in these experiments is offset, however, 

their slight disposition to the right in the main experiments (see Table 


11) 

(4) An equation for the stimulus-differential. The intensity of the heat 
sensation does not, as the results presented above clearly show, vary di- 
rectly with the size of the numerical difference between the stimulus-tem- 
peratures. This result merely indicates, as we have already observed, that 
the equation h < w — ¢ (in which h equals the heat intensity; w, the tem- 
perature of the warm system; and c, the temperature of the cold) is not 
adequate to our results. The question we now have to consider is whether 
we can determine empirically an equation from our data that is adequate. 
We think we can. 


TABLE V 

NuMBER OF Times THAT ‘HOTTER’ REPORTS WERE RETURNED BY ALL THE 
Os FOR THE DiFFERENT COLD AND WARM TEMPERATURES USED IN THE 
Various StimuLus-CoMBINATIONS 
Cold Warm 
6) 10° 20° 30° 34° 37° 40° 

22 12 2 * 4 7 
54.0 32.5 15.0] 5.5 33-5 62.5 


64.0 37-5 20.5 | 6.0 43-5 63.5 
47.0 43-5 41.5 | 0.5 27.0 70.0 95-5 


88.5 72.5 49.5 23.5 | 25.0 58.5 66.5 84.0 
*Stimulus-values, i.e. the difference between the stimulus-temperature and physiological 
zero. 


We have no incontrovertible results regarding the difference limens of 
cold, warm, and heat;’? consequently we shall be forced to make some as- 
sumptions which only the results of future experiments can test. We ma 
safely assume, however, that the effectiveness of a temperature varies with 
its distance from physiological zero, and further that the greater this dis- 
tance the greater proportionately is its effectiveness. We did not determine 
the value of physiological zero for the forearms of our Os, but it is certain 
from our results that it lies somewhere between 30°C and 34°C—the 
highest cold temperature and the lowest warm temperature used; and also 
that it lies closer to 34° than to 30°. This conclusion is based upon the 
results given in Table V, which shows the number of times that ‘hotter’ 
reports were returned by every O for the various stimulus-temperatures. 
Fewer ‘hotter’ reports were returned by the Os for 34° than for 30°. This 
must mean that 34° lies closer to the physiological zero than does 30°. We 
have consequently taken 32.5°C as the point of physiological zero, and have 
further assumed that the zone of indifference extends 0.5°C on each side of 
it, i.e. from 32°-33°. The stimulus-values of the different stimuli can, 
therefore, be expressed by the equations: C = 32 — c; and W = w — 33 
(in which C stands for the cold stimulus; 32, for the temperature of the 


7For a review of the literature on this problem see Sydney Alrutz, Untersuchungen tiber 
die Temperatursinne, Zsch. f. Psychol., 47, 1908, 182-202, esp. 262-267. Cf. also C. 8. 
Sherrington in Sch&fer’s Text-Book of Physiology, ii, 1900, 959 f. 
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Dn 81.0 

G 61.0 
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lower limit of the zone of indifference; c, for the temperature of the cold 
stimulus; W, for the warm stimulus; w, for the temperature of the warm 
stimulus; and 33, for the temperature of the upper limit of the zone of 
indifference). 

The stimulus-values of the different warm and cold temperatures, as 
they were computed by these formulae, are given in Table V under the 
different stimulus-temperatures. If now we simply add together the 
stimulus-values of the different temperatures used in the different stimulus- 
combinations, i.e. if we assume that h < (32 — c) + (w — 33), we are back 
again where we were before, for (32 — c) + (w — 33) = w —c —1 (1 being 
the extent of the zone of indifference). 

It is obvious from our results that we must, in order to realize the rela- 
tive effective value of the stimuli, weight one of the stimulus-values by a 
constant, k. If we knew what the difference limens of warm, cold, and heat 
are, we should have some indication of what to expect; but lacking those 
values, we can merely turn to the data in Table V in the hope of securing 
some hint regarding the weighting. An inspection of Table V shows that 
Fg ap ye the same number of ‘hotter’ reports were returned by all 
the Os for the temperature-combinations in which 43°C was used, as for 
those in which 2°C was used. D reported identically the same number 
(79.5) for each; Dn reported go cases for 43°, and 81 for 2°; G, 95.5 for 43°, 
and 61 for 2°; and H, 84 for 43°, and 88.5 for 2°. All the Os show that a 
temperature of 43° is as effective for heat as a temperature of 2°; that is, 
since 43° = 10 W, and 2° = 30 C, 10 W = 30C. These results are con- 
firmed by the comparisons of the ‘hotter’ reports received for the tempera- 
tures of 40° and 10°, and of 34° and 20°: 7 W = 22 C; and 4 W = 12 C.8 
We conclude from these results that the warm stimulus-value should be 
weighted, and that the value of the weight, 4, is 3. 

We have accordingly calculated the effective values, i.e. the stimulus- 
differentials, for the various temperature-combinations by the formula 
(32 — c) + 3(w — 33), in which the values 32 and 33 represent the tem- 
peratures of the extremes of the zone of indifference, c and w the tempera- 
tures respectively of the cold and warm stimuli, and 3 the weight. These 
values, ranged in their descending rank order, appear in Table VI under 
the caption ‘Stimulus-differential.’ Opposite them, in the columns to the 
left are arranged the stimulus-temperatures from which they were com- 
puted; and in the columns to the right are arranged the number of times 
‘hotter’ reports were returned by the Os for every one of the stimulus- 
differentials, together with the rank order of these reports. 

Inspection of Table VI shows that the rank order of the Os’ ‘hotter’ re- 
ports follows very closely the rank order of the stimulus-differential as that 
value was computed by our weighted formula. The correlation of the rank 
orders of the Os’ reports with that of the stimulus-differential, computed 
by the method of rank-differences—r = 1 — [62D*/n(n? — 1)]—is given 
at the foot of the table for every O. The correlations are high—exception- 
ally high for D, Dn, and H—and lead us to offer tantatbedly the formula 


h = (32 — ce) + 3(w — 33) 
as an equation of the stimulus-differential for heat. 


_ Weare, in the light of our results, forced to the conclusion that a change 
in the warm stimulus is more effective for changing the intensity of the 
sensation of heat than a change in the cold stimulus.® 


8The ratio does not hold for the lowest stimulus-values that we used—due probably to 
their proximity to the zone of indifference. 


_ *Alrutz says, “die Kalteempfindung von grésserer Bedeutung fir die Intensitét der 
Hitzeempfindung zu sein scheint als die Warmeempfindung”’ (op. cit., 244). 
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SuMMARY 


The results of this study, in which the intensities of heat sensations 
(aroused by different combinations of warm and cold temperatures in a 
heat grill) were directly compared by the method of pained eotumabenn, 
may be summarized as follows. 

(1) The number of ‘hotter’ reports varied, for all the Os, when an 
given temperature was taken as the point of reference (‘intra-standard’ 
comparisons), with the size of the stimulus-difference: the larger the differ- 
ence between the temperatures of the grill-systems, the greater the number 
of ‘hotter’ reports. 

This correlation did not obtain, however, when stimulus-differences 
were compared that were taken from different points of reference (‘inter- 
standard’ comparisons): the larger stimulus-differences frequently gave 
the smaller number of ‘hotter’ reports. 

(2) The distribution of the cases in which the Os reported that they 
did not experience heat, z.e. the ‘no’ reports, corroborates the findings of the 
positive, the ‘hotter,’ reports in every detail. In ‘intra-standard’ com- 
parisons, the ‘no’ reports vary inv y with the stimulus-differences: the 
smaller the stimulus-difference the greater the number of ‘no’ reports. In 
‘inter-standard’ comparisons, however, this relation did not always obtain: 
the smaller stimulus-differences frequently gave the smaller number of ‘no’ 
reports. 

(3) ‘The space error, both in the comparisons of identical and different 
stimulus-combinations, is negligible for all the Os. 

(4) The disparate nature of the results, obtained from ‘intra-’ and 
‘inter-standard’ comparisons of the stimulus-differences with the number 
of ‘hotter’ and ‘no’ reports, indicates that the intensity of the heat sensation 
does not vary directly with the stimulus-difference. 

(5) The distribution of the Os’ ‘hotter’ reports among the different 
stimuli indicates that the stimulus-value of the different temperatures varies 
functionally with the distance from physiological zero, and further that the 
stimulus-value of the warm stimulus should be weighted by the constant 3. 

(6) The correlation between the rank orders of the Os’ ‘hotter’ reports 
and the stimulus-values computed by the weighted formula, (32 — c) + 
3(w — 33), is very high. We therefore offer that formula as an equation of 
the stimulus-differential for heat. 
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APPARATUS 
A SMALL SELF-STARTING SYNCHRONOUS MOTOR 


By Wiuuarp L. Vauentine, Ohio Wesleyan University 


A small and inexpensive self-starting synchronous motor is now ob- 
tainable. It is described here because of its many uses in the psychological 
laboratory, and because it seems to be comparatively little known among 
experimentalists. 

These motors satisfactorily drive kymograph drums with as much ac- 
curacy and less noise (in fact they are practically noiseless) than the more 
expensive, larger, and weaker spring motor generally provided. They may 
be mounted directly to the shaft as they are obtainable in several R.P.M.s 
and in either direction of rotation. 

The starting torque is due to magnetic remanence in a very small, thin 
rotor located in a revolving field, and it is only slightly different from the 
synchronous torque so only a fraction of a sec. is required to reach syn- 
chronous speed. 

There are three types and two sizes of motors. Every type and size 
has been designed to meet a certain, specific need; accordingly, the type 
B-2 motor is adapted for light duty; the type B-3 motor for small power 
uses such as in recording meters, time stamps, relays, etc.; and the type C 
motor for reasonably heavy fgg adaptations such as in heavy recording 
meters, unrolling paper and film at a uniform rate, etc. Each type of 
motor may be arranged to operate on any commercial voltage and frequency 
and to give various terminal shaft speeds. The use of standard speeds and 
frequencies will greatly improve the efficiency of the set-up. 

There is a small bipolar field (A), in the accompanying Plate (Plate I), 
that is excited by a coil (B) taking power from a single-phase alternating 
current circuit. Each pole is split and has a number of copper shading 
coils (C) upon one of its arms. ated in the field and having a relatively 
large air gap is a combination of rotors (G), depending upon the type of 
motor. These rotors are of thin hardened magnet steel and have a high 
magnetic remanence. The shaft rotates at synchronous speed and, through 
a train of gears and pinions (F), the speed is reduced to the desired value at 
the terminal shaft (H). 

The motor casing is made of a thin brass shell and cover that are drawn 
into shape, and these are soldered together after the motor has been as- 
sembled. Lubricating oil is applied through a hole in the rotor neck which 
is then soldered tight. In this manner the rotating parts are totally en- 
closed and protected from all dirt and dust, and require no further lubri- 
cation. 

Another use to which these motors have been put in this laboratory 
concerns timing. If a small fiber disk is provided, grounded on one side 
by a thin brass plate, and presenting points on the other in the form of 
brass or silver wires introduced through holes so as to be in contact with 
the brass disk on one side and dressed flush to the surface on the other, a 
friction contact will then make and break the circuit any number of times 
depending on the R.P.M. of the motor and the number of studs which move 
under the contact. A 60-R.P.M. motor with two studs will make contact 
twice every sec. and may be substituted for the more clumsy electric 
metronome. These motors, together with a much more powerful and 
slightly more expensive one running at 1800 R.P.M., may be obtained from 
the Warren Telechron Company, Ashland, Mass., to whom I am indebted 
for the ratings above. 
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The specifications given in Table I show the various types of motors 
produced by this company, as well as the minimum synchronous torque 
ratings developed by motors of various shaft speeds. 


TaBLe I 
Moror SPECIFICATIONS 


Minimum synchronous 
_torque ratings expressed Overall 
in inch-pounds, developed dimensions 
by motors of various shaft of motors 

speeds 

I 4 60 

R.P.M. R.P.M. R.P.M. R.P.M. 
0.06 0.030 None 
0.05 


12-250 2 5/16"x2 3/16"x2 3/8” 


Same as above 
0.19 0.10 O. 
0.16 0.08 .0050 
0.13 0.06 0.0040/2 5/16"x2 3/16"x2 3/8” 
0.09 0.05 0.0030 
0.08 0.04 0.0026 


250 up 


12-250 


Same as above 
0.50 0.25 None 
0.40 0.20 
0.35 0.17 3 3/8"x3 3/16"x2 27/32” 
0.25 0.13 
0.16 0.08 


I. 
oO. 
oO. 
oO. 
oO. 


250 up Same as above 


Motors can be furnished for operation on circuits of the following odd frequencies: 
41%, 42, 5904, 6134, 62, 6214, 6334, 6634. Gear ratio for 59 cycles is not exact. 


APPARATUS NOTES 


PHOTOGRAPHS IN COMPLEMENTARY COLORS FOR THE DEMONSTRATION OF 
NEGATIVE AFTER-IMAGES 


The writer uses color-photographs of the mosaic-screen type (Agfa 
Color-Plates) to demonstrate to classes (1) the mixture of colors by means 
of juxtaposition of small particles of color, each of which is too small to be 
seen singly, and (2) the production of all color sensations by the mixture 
of three fundamental colors. These photographs, which are transparencies 
upon glass, may be examined by means of a lens or they may be projected 
as lantern slides in order to show the granular construction of the screen. 

By means of modification of the treatment of the color-plate after it has 
been exposed in the camera, a transparency may be obtained in which the 
object photographed is represented in colors complementary to its actual 
colors. If this transparency is strongly illuminated ' from behind, a negative 
after-image may be obtained in which the object appears in its actual colors. 
Faces may be recognized in the after-image which were not recognized in 
the complementary colors. If two pictures are made of the same object, 


Volts | 3 
| {60 
0 
B-2 
0.03 0.015 
25 0.050 0.02 0.010 ” 
ll 
60 0.375 
50 0.310 
B-3 | 40| 250 
30 0.190 
25 0.160 
250 up/all 
60 imo 
50 8 
C-1 |12-250/40 7 
30 5 
25 3 
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one in actual and one in complementary colors, students may compare the 
two and thus study the relation of complementariness existing between 
various hues. 

The method of making color-photographs is given in the handbooks of 
photography and in the literature of the Agfa Ansco Corporation. To get 
complementary colors, the method should be modified thus: after the first 
development, the plate should be put into a solution of plain hypo of the 
strength ordinarily used for fixing plates. After the plate has been thor- 
oughly fixed, it should be washed in running water 10 min. and the process 
completed by drying it in the blast of an electric fan. If necessary, the 
edges of the plate may be dipped in melted paraffin before development in 
order to prevent ‘frilling.’ Since this process makes a negative instead of a 
— image on the plate, the object ates — is rendered in com- 
p sneer | colors and brightness. The only cult feature of color- 
photography is the determination of the proper exposure, upon which ac- 
curacy of rendition and the density of the plate depend. Out of doors some 
one of the more accurate exposure-meters should be used; under artificial 
light a few trial exposures may be necessary before the correct time is found. 
Ordinary exposure and ordinary development are likely to give too much 
green when the above modified procedure is employed, but this excess of 
green will not appear if the plate is slightly over-exposed and its develop- 
ment correspondingly shortened. 

Harvard University Frank A. Partin, JR. 


Cxiass-Room DEMONSTRATION OF DouBLE IMAGES 

The following method of demonstrating double images is recommended 
on account of its simplicity and instructiveness. Ona card or sheet of paper 
draw a single straight line 15 cm. or more in length. Hold the line in a 
horizontal plane just below the level of the eyes with one end toward the 
tip of the nose. Move the point of a pencil slowly back and forth along the 
line and follow its movements with the two eyes. Two lines will be seen 
crossing at the point of regard. Although the moving pencil aids fixation, 
it is not essential. With the unaided eyes the point at which the lines cross 
varies with change of convergence. If the plane be turned gradually from 
the horizontal to the vertical position, the double images tend to disappear. 
The addition of parallel lines makes the demonstration even more striking. 
The writer has frequently used this demonstration in the class-room and 
recommends it in connection with the topics of convergence, double images, 
and the horopter. 

University of Illinois Pavut THomas YOUNG 
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Edited by Joseru Petrerson, Peabody College 


(I) Die Methodik der Erforschung der bedingten Reflere. By N. A. 

ee. Translated by M. Krich. Miinchen, J. F. Bergmann, 1926. 
Pp. vi, 64. 

(Il) Die héchste Nerventéitigkeit (das Verhalten) von Tieren. Eine 
zwanzigjdhrige Priifung der objektiven Forschung bedingte Reflexe. By J. P. 
Pawiow. ‘Translated by G. V. Volborth. Miéiinchen, J. F. Bergmann, 
1926. Pp. xi, 330. 

(III) Conditioned Reflexes. An investigation of the physiological ac 
tivity of the cerebral cortex. By I. P. Pavuov. Translated by "G. V. ie. 
Oxford University Press, 1927. Pp. xv. 427. 


The books listed above are certain to influence the trend of investiga- 
tion in both psychology and physiology, for the simple reason that an 
imposing mass of data concerning animal behavior in relation to the struc- 
ture and function of the brain is here, for the first time, made available in 
systematic form. Previous scattered. publications of the methods and re- 
sults of the investigation of conditioned reflexes by Pavlov and his more 
than one hundred colleagues have, for the most part, appeared in Russian, 
and they have, therefore, been practically inaccessible to the non-Russian 
reading public. 

It is not only the wealth of data contained in these books but particu- 
larly the clear and detailed description of the method of the conditioned 
reflex which is certain to act as a powerful incentive to more careful ex- 
perimental analysis of behavior and more critical theorizing concerning 
it in this country. 

These books should be read in the order listed above. The first book 
on method, particularly Chapter IV on difficulties of the method, cannot 
be neglected if one is to obtain a true appreciation of the results presented 
in the two following volumes by Pavlov. Moreover, a reading of Chapter 
III concerning the formation of positive and negative conditioned reflexes 
will do much to remove the false notion of many psychologists that the 
method cannot yield results of great significance because of the artificiality 
of the animals’ experimental environment and of the problems which it 
must solve. A precise technique is employed, to be sure, but it is the char- 
acteristics of the animal as an individual that govern the actual experi- 
mental procedure. 

“Indeed every dog has its own individuality, z.e. a sum of the positive 
and negative unconditioned and conditioned reflexes which it has acquired 
during ¥ life outside of the laboratory and which determines its behavior. 

. I shall now, in a general way, sketch a program to be followed 
during the first days of the procedure. 1st Day:. . . The experimenter 
himse af leads the dog into the experimental room, pats him, calls him by 
name, and feeds him a small portion of meat powder out of his hand. 2nd 
Day: The same. Then he places the dog on the stand whilst fastening him 
by the collar only, without attaching the loops. Thereupon he feeds the 
dog several times, first from the hand, and then from the feeding device. 
After he has been on the stand 10-15 min. he is freed and given a bone” 


(I, pp. 30 f.). 
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The second book is a collection of offprints, 37 in number, dating from 
1903-1925, printed in chronological order on the general problem of the 
conditioned reflex. Each chapter is an essay complete in itself and in 
reading them consecutively one follows the growth of the author’s searching 
conception of the activity of the brain in controlling behavior. 

The third book is a masterpiece of scientific exposition in which the 
presentation of data collected over a period of twenty-five years contributes 
to the building of a theory of behavior too profound to be either thoroughly 
systematic or complete. 

This is not the place to summarize in detail his fascinating analysis of 
animal behavior. It is important, however, to comment briefly on the 
contents of the above books under the following heads: (1) the origin of the 
conditioned reflex concept; (2) Pavlov’s view on the relation between the 
physiology of the nervous system and psychology; and (3) the relation be- 
tween behaviorism and the study of the conditioned reflex. 

The origin of Pavlov’s working concept of the conditioned reflex was 
the natural outgrowth of twenty years of uninterrupted investigation con- 
cerning the activity of the digestive glands. In fact, the idea was forced 
upon him in the course of a highly technical research devoted to salivation. 
In no sense was it a product of leisurely speculation. He says, ‘“‘At about 
the same time as Thorndike was engaged on this work, I myself (being then 
quite ignorant of his researches) was also led to the objective study of the 
hemispheres, by the following circumstance: In the course of a detailed 
investigation into the activities of the digestive glands I had to inquire 
into the so-called psychic secretion of some of the glands, a task which I 
attempted in conjunction with a collaborator. As a result of this an un- 
qualified conviction of the futility of subjective methods of inquiry was 
firmly stamped upon my mind. It became clear that the only satisfactory 
solution of the problem lay in an experimental investigation by strictly 
objective methods. For this purpose I started to record all the external 
stimuli falling on the animal at the time its reflex reaction was manifested 
(in this particular case the secretion of saliva), at the same time recording 
all changes in the reaction of the animal’’ (III, p. 6). He adds, “The 
primary aim of our research was the accurate determination and tabulation 
of different phases of the cortical activity, the absence or presence of an in- 
hibitory or excitatory phase, the exact conditions under which the intensity 
of the excitatory or inhibitory process varied, and the mutual interrelation 
between these processes. It is obvious that in its intrinsic nature our work 
is closely allied to the work of Sherrington and his co-workers upon the 
spinal cord, and it is impossible not to notice in how many points the differ- 
ent aspects of the nervous activity of the cortex correspond with those 
described in the physiology of the spinal cord; a fact which seems strong 
evidence of a similarity of the pwn seme laws governing the nervous 
activity in the two cases.’ He further limits the range of his inquiry as 
follows: ‘It was, of course, obvious from the start that there was no im- 
mediate possibility of attacking the complex activity of the cortex from 
its physico-chemical aspect.. . . We have now come to see that we do 
not possess even yet a full descriptive knowledge of the various aspects of 
this activity. Our chief task in studying the cortical activity at the present 
time must therefore consist in reducing the tremendous mass of various 
separate observations to terms of a progressively diminishing number of 
general and more fundamental units” (III, p. 386). 

His unit is, of course, the reflex. Concerning the use of this concept to 
explain behavior he says, “In the eighteenth, nineteenth, and twentieth 
centuries the conception of the reflex was used to the full by physiologists. 
Working at first only on the lower parts of the central nervous system, they 
came gradually to study more highly developed parts, until quite recently 
Magnus, continuing the classical investigations of Sherrington upon the 
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spinal reflexes has succeeded in demonstrating the reflex nature of all the 
elementary motor activities of the animal organism. Descartes’ conception 
of the reflex was constantly and fruitfully pone in these studies, but its 
application has stopped short of the cerebral cortex” (III, p. 4). It is pre- 
cisely in the application of this concept to the activity of the cortex that 
these three welamnes are concerned. The whole nomenclature follows that 
of the physiology of the spinal cord so that we find chapters on “Condi- 
tioned Reflexes” devoted to irradiation, inhibition, induction, etc. 

Little need be said of Pavlov’s view of the relation between the physi- 
ology of the nervous system and psychology. His attitude does not result 
from a philosophical bias but from purely practical (laboratory) consider- 
ations. He questions the validity of explanations of animal behavior which 
follow the application of concepts proper to the analysis of man’s psychic 
life. Chapter IX on “Die Héchste Nerventitigkeit”’ is mainly devoted to 
this subject. A single quotation will suffice. ‘“The comparison of results 
which have been obtained by the objective analysis of the most complex 
nervous phenomena with the results of subjective investigation is beset 
with unusual difficulties... . All our deliberations and our entire think- 
ing are related to facts which have been obtained in a strictly objective 
manner and possess, therefore, a quite special character. We represent 
indeed in our case, all our facts in space and time.. . . That is what we 
call complete natural scientific fact. On the contrary, the facts of psy- 
chology are conceived only in the dimension of time. And it is quite under- 
standable that such a difference in the manner of thought must give rise 
to a certain incommensurability between these two kinds of thought. . 
Psychological science and psychological investigation are indeed in a very 
difficult position. They deal with an unusually complex material, and be- 
sides that the psychical phenomena are accompanied by the most difficult 
conditions, which do not obtain in physiology and from which we do not 
have to suffer. One of the very unfavorable conditions of psychological 
investigation is the fact that the investigation is not concerned with a 
continuous, unbroken series of phenomena. The psychologist deals with 
conscious phenomena but we know very well what a variegated fabric 
psychic life weaves out of the conscious and the unconscious. It seems to 
me that the psychologist in his investigation is in the position of a man who 
wanders in the dark having but a tiny lantern in his hand which can il- 
luminate a very short piece of the road. The psychologist would admit 
that it is difficult to learn the whole region with the aid of such a lantern. 
Everyone who has been in a like position is aware of the fact that the im- 
pression gained of an unknown region with the aid of such a lantern does 
not correspond at all to the impression secured in bright sunlight. In this 
respect we physiologists are in a more advantageous position. If you will 
take all this into consideration, then you will understand the divergence 
between the chances of objective investigation and those of psychological 
research” (II, p. 75). The attitude of the physiologist interested in prob- 
lems of behavior toward the science of psychology is, according to Pavlov, 
essentially as follows, “It is logical that in its analysis of the various ac- 
tivities of living matter physiology should base itself on the more advanced 
and more exact sciences—physics and chemistry. But if we attempt an 
approach from this science of psychology to the problem confronting us we 
shall be building our superstructure on a science which has no claim to 
exactness as compared even with physiology” (III, p. 3). 

The concept of the conditioned reflex, originating from an experimental 
difficulty has never become other than a useful tool of investigation for 
Pavlov. He has explicitly refrained from elaborating the philosophical 
implications of his investigations of the higher nervous activity in contrast 
to Bekhterev who originated a reflexology and to Watson mf urges the 
necessity of a new shitsccphe-behanietinn. “It is obvious that these 
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special peculiarities of the research are in many instances,’ Pavlov says, 
“the cause of fallacies, especially since it is so tempting to adhere to differ- 
ent fancied analogies and plausible generalizations—a tendency which can- 
not be too much guarded against in the present state of the research.” 

Pavlov regards the work of the behaviorists as essentially physiological 
and hence as identical in aim with his own investigations. Two comments 
must, however, be made. In the first place, the behaviorists have formu- 
lated a philosophical system—behaviorism. Watson says, “If psychology 
can do without the terms ‘mind’ and ‘consciousness’—indeed, if it can find 
no objective evidence for their existence—what is going to become of 
philosophy and the so-called social sciences which today are built around 
the concept of mind and consciousness? . . . ile behaviorism was 
fighting for its existence it was afraid to answer this question... . 
Hence the behaviorist’s one answer when approached in this way was to 
say, ‘I can’t let myself worry about such questions now. Behaviorism is at 
tet a satisfactory way of going at the solution of psychological prob- 

ems—it is really a methodological approach to psychological problems.’ 
; . Today the behaviorist can safely throw out a real challenge to the 
subjective psychologists—‘Show us that you have a possible method, in- 
deed that you have even a legitimate subject matter.’ ” 

In the second place, the origin of behaviorism from psychology is ap- 
parent both in its terminology and in its methods. For example, Watson 
discards the term ‘memory’ but retains ‘habit.’ The behaviorists’ animals 
solve problems and the principal —- is still the maze or labyrinth. 
The conditioned reflex is to the behaviorist a verbal weapon for polemical 
writing while the actual prosecution of research by the conditioned reflex 
method languishes. 

Cornell University H. S. 


Zur Psychologie der Philosophie und der Philosophen. By ALEXANDER 
HerzBera. Leipzig, Felix Meiner, 1926. Pp. vi, 247. 


Herzberg attempts in this book to answer the question: What mental 
conditions produce the great thinkers? His thesis is that the great philoso- 
phers have turned to the realms of thought because they have been ham- 
pered in the practical affairs of life. He endeavors to establish this theory 
by the empirical method, that is by referring to the biographies of 30 great 
philosophers. 

Before considering his thesis, Herzberg gives in Chaps. I-VI his idea of 

hilosophy. We are told that philosophy was at first undifferentiated re- 
igion, poetry, and science, and that in it lay the foundations of all the 
sciences. From this beginning philosophy developed in two directions: 
towards theory and towards practice. Theoretical philosophy is the 
science of the universe; its t is to give a complete portrayal of the 
world (p. 17). It is characterized by the fact that it is autotelic. The 
action of the theoretical philosopher is therefore hindered (39). Practical 
philosophy is the science of life; its task is the establishment, propagation, 
and exemplification of life’s ideals (17). The ideals of various practical 
philosophers have a quietistisches Motiv, so the practical philosophers are 
also men in whom action is hindered. 

In the second and main part of the book, Chaps. VII-X XVII, Herzberg 
turns to his thesis. He examines the lives of rates, Plato, Aristotle, 
Epicurus, St. Augustine, Bruno, Bacon, Hobbes, Descartes, Locke, Spin- 
oza, Malebranche, Leibnitz, Berkeley, Hume, Rousseau, Kant, Fichte, 
Hegel, Schelling, Herbart, Schopenhauer, Comte, Fechner, Feuerbach, Mill, 


Stirner, Spencer, Hartmann, and Nietzsche, and seeks to find the anoma- 
lies of mental life, the inactivity and inhibition, that he anticipated to be 
those of the philosopher. 
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Herzberg limited his study of these men to their practical affairs. He 
concludes from his examination that they as a group were (1) berufsscheu 
or berufsungeschickt, i.e. they began their professions late in life, or had 
interruptions or disappointments in their careers; (2) unwilling or incapable 
of earning a livelihood; (3) ehescheu or eheuntauglich; (4) wmgangsscheu or 
umgangsuntauglich; an scheu or politisch untauglich. These 
men as a whole were incapable of succeeding in the affairs of practical life. 
Not one of them succeeded in four, and no less than twelve were unsuccess- 
ful in all five. 

The problem is, why do philosophers fail in the practical affairs of life. 
Before answering, the conditions of normal practical activity must be de- 
termined. These are, Herzberg thinks, (1) the existence of practical in- 
terests; and (2) a certain intensity = harmony of these interests. An 
examination of the lives of these © philosophers reveals that they had 
practical interests—in some cases the practical interests amounted almost 
to a passion. The practical incapacities of these men must, therefore, be 
due to one of two things. Either to the fact that the philoso shical interests 
were of greater intensity than the practical, or to the fact that the thinker 
has certain inhibitions which keep him from succeeding in practical life 
and turn him to philosophizing—the Hemmungshypothese. There is evi- 
dence that the philosophers had strong inhibitions, or were supersensitive, 
or had weak constitutions. Depression was the retarding factor in the 
lives of many of them. 

Art and religion are also outlets for a person whose practical activity 
is checked. The reason that a man turns to philosophy rather than to art or 
religion is that he has a critical intelligence and that he is systematic in 
his thinking. 

The neurotic also suffers from inhibitions. The philosopher, the artist 
and the religious man are distinguished from the neurotic by their high 
development and by their capacity for sublimation. 

In the third and concluding part of the book, Chaps. XXVII- 
X XIX, Herzberg sums up the points that have been made, and emphasizes 
the fact that the man who is checked in his practical affairs needs an outlet 
for his energy. Philosophy has furnished such an outlet in the cases of the 
men under consideration. Herzberg discusses in these chapters the kind 
of questions the ~y oy considers. He also emphasizes the biological 
value of philosophy in that it enables the failure in practical life to create 
a beautiful, friendly world that is easy to dominate—a world that is, there- 
fore, quite unlike the real world. 


Although the book is entertaining, any reader of it must be convinced 
that, had the author been duly cautious in his statements, his book would 
have been a more valuable contribution to thought on this subject. He 
apparently disapproves of cautiousness of statement, however, for he 
criticizes Locke for his tendency to nachdenken and reflektieren. He at- 
tributes Locke’s failure in practical life to pondering too much over prac- 
tical matters. I shall give some examples of statements made by Herzberg 
which are quite false, or are without bearing on his thesis. 

By attempting to adopt the empirical method, Herzberg hopes to ren- 
der his conclusions plausible but he does not succeed in clearing his mind 
of an idol of the tribe enumerated by Bacon. That is, apparently his theory 
was already formed before he started writing his book and the only state- 
ments that attracted his attention were those which supported that theory. 
Thus, with regard to Beruf, which he defines as “eine dauernde Tatigkeit 
eines Menschen zu Erwerbszwecken (50).”’ Herzberg states that Plato and 
Aristotle each began his Beruf late in life. One established his school when 
he was forty, and the other when he was fifty. Yet everyone knows that 
these men received no pay for their teaching. Consequently they had no 
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Beruf, if we use that term with the connotation that Herzberg gives it. 
Contrary to Herzberg’s idea, these men prove nothing for his theory. 

The norm by which he judges the relation of the mF them to money 
is this: in the case of the normal man “auf Gelderwerb ist ein grosser, ja 
bei den meisten wohl der grésste Teil ihres Denkens und Wollens gerichtet. 
Geld ist fiir ihn . . . eine der Haupt- und Staatsangelegenheiten des Lebens’’ 
(65). Because he is unable to discover that these philosophers under con- 
sideration were thus obsessed, he regards them as abnormal. It is quite 
apart from my purpose in this connection to show that they were nthine 
but abnormal if the above statement is a criterion of normalcy. At the same 
time it is necessary to point out some erroneous statements in this chapter 
on Geld. Herzberg says that Spinoza could not make his living at grinding 
lenses. Consequently he received help from his friend De Vries and was 
made the sole heir of that friend (66). We have the statement of no less 
an authority than Frederick Pollock that Spinoza declined the gift of 2000 
Gulden and that he dissuaded his frail friend from making Spinoza the sole 
heir. The income which Spinoza received from grinding lenses was suffi- 
cient for his slender wants. Hume is referred to as a Milliondr, but the 
fact is that he never was wealthy. On account of his frugality he was able 
to leave an estate worth something more than £6000. 

In connection with Herzberg’s statement that most normal men marry 
but that only fifty percent of the thirty philosophers married, we would 
like to point out that such men as Plato and Spinoza were too much mar- 
ried to philosophy to care for an alliance that would subtract from their 
time for cnutangidion. There is no evidence that they turned to philoso- 


phy because they were disappointed in love. Futhermore, sixty percent 
of the philosophers who did marry seem to have lived happily ever after, 
according to the data that Herzberg has collected. If there is any truth in 
this data, the philosophers are to be commended for carrying out their 


marriage vows better than do many of Herzberg’s normal men. 

In order to show that the philosophers were wmgangsscheu oder um- 
gangsuntauglich, Herzberg writes, among other statements, with regard to 
Socrates: “‘aber er macht sich diese Menschen zu Feinden, indem er ihnen 
klarzumachen sucht, sie bildeten sich zwar ein, weise zu sein seien es aber 
nicht’”’ (85). This, however, does not prove that Socrates should have 
tried to gain the esteem of these particular men. He had a great many 
more worthy friends. Plato is accused of having aroused the ire of the 
Syracusan ‘tyrants,’ but I know of no reason why he should have tried to 
become an intimate friend of theirs. Plato had many friends. These 
statements of Herzberg establish nothing with regard to the wmgangsscheu 
oder umgangsuntauglich characteristic of these men. 

Because most of the thirty philosophers were not great statesmen, Herz- 
berg regards as untenable the Platonic idea that philosophers should be 
kings. He is unmindful of the fact that some of the thirty men whose lives 
he is examining would not have been regarded by Plato as philosophers. He 
might easily have chosen other great philosophers than such men as Rous- 
seau or Nietzsche or Bruno—others who were more deserving of the 
designation philosopher. There have been great philosopher kings and 
statesmen. Herzberg here as elsewhere commits the fallacy of hasty 
generalization. 

We could easily point out other fallacious statements and other ‘sna 
judgments’ by Herzberg which tend to vitiate the value of Herzberg’s 
conclusions. Thus we might show that he has no adequate understanding 
of Neoplatonism. But enough has been said to throw a serious doubt over 
the adequacy of his attempt to establish his thesis that great philosophers 
have turned to philosophy because they were unsuccessful in practical life. 

One might question Herzberg’s idea of what is involved in being a prac- 
tical man and offer the contrary thesis that the philosopher is the most 
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ractical of men. The real nee puts first things first. He is, in 

lato’s magnificent phrase, the ‘“‘spectator of all time and all existence.”’ 
Herzberg’s practical man is a mere a priori-ist, out of touch with reality. 
He lives quite an abstract life remote from the truth and thus becomes 
the prey, in certain matters, of udo-scientists and healers who know 
little of medicine or philosophy. He lives, as Stevenson says, by catchwords. 
Sometimes he tries to get away from the narrowness of his existence b 
attending the theater. If he is fortunate, the drama will have been modi- 
fied in accordance with the theory of Aristotle. Too often the spectacular 
or tawdry will hold his attention. In short, Herzberg’s practical man is 
the one who lives for much of the time in a world removed from reality. 
It is the philosopher, the real philosopher, who is practical. In his search 
for the truth he is made free. 

Randolph-Macon Woman’s College Magrygorie 8. Harris 


The Abilities of Man. By C. Spearman. New York, The MacMillan 
Co., 1927. Pp. vi, 415, xxxili. 

If one has followed the earlier writings of Professor Spearman, and es- 
pecially the researches of his students, one will be immediately at home in 
this volume. The book is arranged in two parts, with fortunately no 
break in the chapter enumeration. The first part contains a presentation 
of the rival doctrines of the abilities of man leading up to the author’s well- 
known conception of two factors, theories of the nature of g, and a notably 
clear presentation of the tetrad difference equation with examples of its 
use. The second part is devoted to a survey and summary of the literature, 
first for experimental support of the g factor and then for indications of 
other independent factors. This is followed by a long appendix of great 
value because in it appear many formulae, derivations of formulae, and 
examples of their application. 

The literature on intelligence is scanned for basic conceptions of its 
nature and of the organization of human abilities. The different points 
of view are described as “‘monarchic,” “oligarchic,” and “anarchic.’’ 
Spearman’s own doctrine of the “‘two factors” is presented as the “eclectic 
doctrine.”’” As most readers of this Journat doubtless know already, one 
of these factors, designated as g or the “‘general factor,” is thought of as 
varying from individual to individual but as remaining ‘‘the same for any 
one individual in respect of all the correlated abilities.” But the presence 
of the two factors is now discovered and demonstrated by means of the 
criterion of “tetrad differences.” A tetrad difference is found by first se- 
lecting in any table of correlation coefficients four coefficients the positions 
of which in the table would mark the corners of a rectangle. The differ- 
ence between the products of the coefficients which lie Sagrnely opposite 
each other in this assumed rectangle constitute the tetrad difference, and 
in terms of the formula is equal to zero. Whenever this tetrad equation 
holds throughout a table of correlations, that is when each difference 
closely approximates zero, then every individual measurement of every 
ability can be divided into g and a second part called s which is the “‘spe- 
cific factor.”” This s factor not only varies from individual to individual 
but may vary in any individual from one ability to another. The effect 
then of pooling a number of different tests is not to determine an average 
but to permit the specific factors to neutralize each other so that the result 
is @ measure approximately of g alone. After reviewing a number of pos- 
sible interpretations of g the author states his preference for an hypothesis 
of “‘mental energy’ and of “‘engines.’”” The mental energy can be used 
to explain g while the notion of ‘‘engines,”’ energized or not, as the case may 
be, by this mental energy) explains the specific factors or s. 

Obtained tetrad differences must inevitably be subject to the errors of 


sampling which affect the correlation coefficients upon which the tetrad 
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differences are based. Thus they can be at best but approximate zero. 
Consequently the probable error of the tetrad difference is indispensable. 
For this Palomar Spearman presents an original formula which is certain 
to interest every reader. 

In order to prove the existence of g and s, a number of studies are ex- 
amined for their tetrad differences. By graphic representation the close 
correspondence of the distribution of tetrad differences to the theoretical 
distribution, when the tests are measures of ability, is made strikingly 
clear. Equally impressive is the very 0 te result, determined when the 
measures are Of anatomical features. ere there are two varieties of the 
same test there is the same lack of correspondence between the observed 
distribution of tetrad differences and the theoretical distribution, in- 
dicating, by the author’s interpretation, an over-lap in the specific factor. 

Two long chapters are devoted to the examination of many investiga- 
tions to determine if g is universal and to what extent g is a factor in differ- 
ent mental functions. The upshot of these is a contention for the uni- 
versality of g and the conclusion that the amount of g in different functions 
may vary greatly, in some (sensory discrimination, for example) it is very 
small. Then the reader is led to the consideration of the special abilities 
for the discovery of which the tetrad equation is again used. But now it is 
the presence of tetrad differences in significant amount that is the criterion. 
Again a large number of studies are examined but this time with meager 
results. The only special abilities found are in reasoning and generaliza- 
tion, mechanical aptitude, arithmetical aptitude, and in judgments of 
social conduct. 

While general ability g is interpreted as universal, as pervading all 
manifestations of ability, the author presents evidence for the recognition 
of yet two other universal cognitive factors which can be regarded as 
aspects of that same mental energy denominated g. These other two as- 


pects are its inertia and its oscillation. Inertia is the familar persevera- 
tion. Correlation coefficients for tests of perseveration are so presented 
as to reveal one of the alluring features of the author’s method. The cri- 
terion of tetrad differences is applied and a value ans closely 


that of the probable error is obtained. Thus the correlations presented in 
the tables must be derived from one factor. This factor cannot be g be- 
cause it had already been determined that the tests used gave an insig- 
nificant correlation with g. Garnett’s establishment of c (cleverness) is 
reviewed and accepted as being the obverse aspect of perseveration. By - 
oscillation is designated the familiar fluctuations in retinal rivalry, am- 
biguous perspective, and the fluctuations in tests of mental output. Again 
a table of correlations is presented which reveals low tetrad differences but 
when oscillation is referred to measures for g the tetrad difference jumps 
to nine times the probable error. The correlation between measures of 
oscillation and of g is very small. The correlation also between oscillation 
and perseveration is low but the tetrad difference when correlations for 
oscillation and referred to correlations for perseveration appears to be 
about eight times the probable error. This oscillation is conceived as an 
indication of a “‘certain facility of recuperation after effortful expenditure.”’ 

A chapter on the law of conation and the use of it in the summary will 
cause most readers to pause. A fourth universal factor is accepted. This 
is Webb’s w or “consistency of action.” In addition to the mental energy, 
the quantity of which is indicated by g there are those engines the operation 
of which reveals perseveration and oscillation; and “where energy and 
engines operate, there must further exist an engineer.’’ This engineer is 
the w or conative factor. 

To attempt the valuation of such a book as this seems to the reviewer 
decidedly premature. It is the kind of work that only time and much re- 
search can properly estimate. As a compilation of studies and programs of 
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research it is a most serviceable contribution. Few psychologists can read 
it without being stimulated to rearrange or add to their present research 
plans so as to be able to attack some of the many alluring problems raised. 
But it is only after the reader has mastered the technicalities of the book 
and has put aside the fun of figuring tetrad differences and their probable 
errors and of day-dreaming about possible researches that the full sig- 
nificance of it all dawns upon him. Valuable as these technicalities and 
possibilities may be they are after all but tools and means. The greater 
value lies rather in the system of La eepmy presented. Here is a system, 
or at least a system in the bud, which is the direct outgrowth of research 
by the test type of research technique. Whether one be convinced of the 
system or not, one must recognize that a master mind has looked through 
the welter of tables and correlations and has seen far, far more than a test 
for this and a test for that. Few books in a year or in many years manifest 
the scholarship, the creative planning, the insight and the vision revealed 
here. It will long stand as an indispensable aid to the teacher, the ex- 
perimental researcher, and to the systematizer in psychology. 

Finally it must be noted, and with regret, that the book is marred by 
mechanical defects. Of typographical errors there are many, some of them 
apparently in the presentation of formulae and their applications. Al- 
though the index is long and apparently complete, working with the vol- 
ume reveals in it many annoying Omissions. 

University of Oregon Epmunp 8S. ConkKLIN 


Practical Psychology: Human Nature in Everyday Life. By Epwarp 
Srevens Rosinson. New York, The MacMillan Co., 1927. Pp. xii, 479. 


Robinson’s book is written as a text for a short course taken by students, 


the majority of whom are seeking, first, a general but not too technical 

knowledge of the subject, and second, a grasp of its relations to personal 

and social life. In its selection and organization of material it follows 

rather closely the conventional plan beginning with the nervous system, 

then carrying the discussion through habit, “gen semen the higher thought 


processes, and feeling to personality and the measurement of individual 


differences. 

The book makes very easy reading. Its style is simple, pleasing, and of 
even tenor throughout. Numerous examples from daily life are given by 
way of illustrating principles; paragraph headings in boldface, carefully 
worded, add much to the ease with which the content of the book can be 
grasped. rey chapter ends with an organized summary and a list of 
problems, the latter are cleverly selected and cannot help but stimulate 
the student and to lead him to think much about the subject matter of the 
chapter. Again, at the head of each chapter are presented two or three 
pertinent questions for the students to keep in mind while studying. All 
in all, the book is excellently written from a pedagogical standpoint. 

None of the artificial and confusing problems so often thrust upon the 
beginning student by partisan instructors is found in this book. While the 
text does not aim to be systematic, it is not without order and logical se- 
quence. Attention and sense qualities are treated under perception; mem- 
ory, thought, and association are discussed under ideation (very little 
space is devoted to sensory processes). One reads nothing of the old duels 
between introspectionists and behaviorists, or the old problems of sensory 
attributes, meaning, the ultimate nature of feeling, and the like. While the 
terminology used in the book suggests a dualistic position and an instru- 
mentalism, these points of view are not thrust upon the reader. Percep- 
tions, ideas, and reasoning are said to prepare the individual for action 
either immediate or remote. Not least among the book’s good points is a 
recognition of social conditions of behavior. 
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Practical Psychology is consequently a text almost, if not actually, suit- 
able for use in high schools and certainly for Normal School use. Frankly, 
the reviewer feels that a text of this sort, admirably as it fulfills the purpose 
for which it is written, is not the ideal for a beginning College sophomore 
course. In spite of the fact that, as Robinson says, our beginning classes 
in psychology are made up largely of students who will go no further in 
their psychological studies, we need not to lower our teaching standards but 
to make our courses even heavier. With schools of education, pre-medi- 
cine, business, and journalism requiring psychology, the bulk Of many of 
our beginning classes consists of students who ostensibly are going to make 
use of psychological facts in their professions. The best we can give them 
is none too good. Moreover, a beginning course which deliberately aims 
to be practical by being at the same time superficial cannot help but give 
the beginning student the wrong impression of psychology as a science. 
It will not, of course, prepare students adequately for advanced work in 
psychology and will necessitate a considerable amount of unlearning when 
they do take advanced work. 

it is almost inevitable that an attempt to simplify the statement of 
psychological fact too much is achieved at the expense of accuracy. Rob- 
inson’s book is not an exception. It is not strictly up-to-date in its selection 
of the few principles which it uses. The newer principles in biology, physi- 
ology, psychology, and the social sciences, all of which dovetail together 
and necessitate a radical re-presentation of practically all psychological 
facts receive no definite recognition. We refer to the organismic prin- 
ciple in biology and physiology, the practical abandonment of the con- 
cept of reflex action, the corresponding development of configuration- 
ism in psychology, and again a corresponding organismic view in the social 
sciences which latter views dispense with conventional explanations of 
learning, conventional views of habit and the like. Psychologists seem to 
be slow in recognizing progress not only in their own science but in border- 
line sciences. The present-day emphasis in all science is to begin with the 
complex and work toward the simple not only in methodology but in the 
presentation of subject matter. Robinson begins in the conventional way 
with the simple and leads to the complex, the exact reverse of our latest 
scientific developments. 


University of Kansas Raymonp H. WHEELER 


The Science of Mental Activity. By F. H. Lunp. New York, A. G. 
Geiler, 1927. Pp. xx, 488. 

Lund’s book is an elementary text which well merits on the point of 
inclusiveness Hollingworth’s statement (made in an introduction that he 
wrote for Lund) that it escapes the modern ‘flux’ in psychology. It aims 
at the preservation of the rich fruits of psychology since Aristotle. What 
an improvement this point of view is over that of the radical behaviorist 
who takes pride in disregarding everything in psychology older than ten 
years. 


After an introductory chapter there are two chapters on the nervous 
system and its functions, then a chapter on emotion, another on feeling, 
and another on voluntary activity. Then follow three chapters on the 
sense organs and sensory phenomena. Attention, learning, habit, mem- 
ory, intelligence, association, perception, imagery, imagination and dreams, 
language and meaning, thinking, belief and confidence, personality, are 
treated successively with a chapter devoted to each. Continuity is main- 
tained between chapters by devoting the initial paragraphs of each chap- 
ter to orientation. There are sources and exercises for the various chapters. 
The illustrations throughout the text are unusually good; although, it 
appears that some taken from Lickley are not acknowledged. 


if 

| 


508 BOOK REVIEWS 


This brings us to two major defects of this text. First, there is an ap- 
parent confusion in the author’s mind (certainly the statements made are 
confused) on all topics relating to the —- of body-mind relation. Not 
that we expect a correct solution, but a theory regarding it should not be 

antly self-contradictory, and dogmatic. Thus it is roundly asserted 
(p. 7f.) that the physical world like the mental world exhibits the phe- 
nomena of memory, and that mind as an immaterial entity cannot be con- 
ceived. The widespread notion, says the author, that the mind is imma- 
terial is due to the fact that mental processes occur without observable 
physical changes. Mental and physical phenomena differ in degree only 
(8). Mental activity is more ‘private’ (since the brain is concealed), less 
predictable, and less uniform. Hereisastrange impasse! In order to make 
a difference between the mental and the physical and yet have only the 
physical (an x opr feat in any case), Lund sets the brain aside as a 
unique body. This is not to get rid of animism, but to extend it to the 
hysicist’s territory! The author sometimes speaks of consciousness and 
Coe action as identical, then in the next sentence as separate. If mind 
and body are distinct, asks Lund, ‘‘how are we to conceive of their func- 
tional relationship?” (8). The student may well wonder how there could 
be a ‘relationship’ of any sort where there are not at least two things to be 
related. The statement, ‘‘consciousness and brain action are one’’ is fol- 
lowed immediately by the assertion that “a change in the one necessitates 
a change in the others.’”’ There can be no question of causal relationship 
between mind and body, because their changes are simultaneous. Now, 
this is precisely the instance, says Russell, in which causal connection is 
the most certain, because the lack of time interval between cause and effect 
prevents interruption of the causal nexus by outside forces. 

This basic confusion of the author reappears throughout the text. Thus, 
on page 120 the student is told that purposive activity is unique only in 
the respect that end results cannot be immediately attained. If so, then 
the travels of Halley’s comet are far more —— than even the prepara- 
tion of a text in psychology. In a bit of moralizing (126) the student is 


warned that the only safeguard aguas assaults of momentary impulse is 


to increase self-control. This is a able, except that the very next page 
explains that the sense of efficacious effort and freedom are illusions. 

Another type of defect in the book are misstatements of fact, and 
neglect or misrepresentation of other psychological sources. Thus, it is 
roundly declared (15) that insanity, delusions, hallucinations and multiple 
personality are the results of diseased or injured nervous systems. This 
rejection of mental diathesis, both Freudian and non-Freudian, is un- 
warranted. He states (17) that our present knowledge of learning and 
memory are in a large measure attributable to the animal psychologists! 
It is also stated that the nervous system contains about 12 billion cells: 
the true estimates range around 25 billion. In discussing the James theory 
of emotion, Lund seems to be unaware of the fact that James himself cites 
the statements (Principles, II, 464) from actors which prove that the vol- 
untary mimicry of the emotions does tend to give rise to them. The 
author thus deduces what James “must have meant,’’ when the pages of 
the Principles leave no doubt on the matter. 

The chapter on Attention neglects the signal researches of the last 
decade, especially those by Dallenbach. The chapter on Memory is spoiled 
by a confusion of three notions of recognition: (a) recognition as the time 
and space localization of an item of memory, (b) as a feeling of familiarity 
and (c) as the function of identifying furnished facts, as opposed to recall 
where memory itself does the ‘furnishing.’ On p. 266 the author commits 
himself to definition (a) which does not square with the contention on page 
268 that the range of recognition memory is greater than that of recall 
memory. Surely we cannot have more time and space associations for 
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memory items than we have memory items themselves. On page 269 he 
explicitly commits himself to definition (c). In the chapter on Belief and 
Confidence, feeling of familiarity is confused with confidence in the cognitive 
sense. The degree of one’s confidence, he says, increases with the ease with 
which the items (which challenge confidence) lead to familiar responses. 
If this were true, we could have no confidence that we are meeting with a 
highly novel experience, since the greater the novelty the greater the diffi- 
culty of ‘redintegration.’ 
Wells College C. O. WEBER 


Factors of Human Psychology. By L. W. Cote. Boulder, University 
of Colorado, 1926. Pp. 350. 


Emerging as a text that has had some seasoning in mimeographed form 
this volume aims ‘‘to lay a foundation for business, industrial, and educa- 
tional psychology.”” The author promises to avoid confusion between the 
— of pure psychology on the one hand, and their applications on the 
other. 

His introductory statement should be exemplary to the writers of mod- 
ern textbooks: “‘It seems to the writer as undesirable to mingle a great deal 
of applied psychology with the introductory principles as it would be to 
discuss indiscriminately anatomy, physiology, and hygiene in the first 
year of medicine.”’ It is disappointing, therefore, to note that the book 
proceeds unevenly with respect to the facts of modern psychology. There 
are two matters that are open to criticism: (1) the rather archaic interpre- 
tation of the introspective method, discussed in places to the point of con- 
fusion; and (2) the historical treatment accorded to certain topics in psy- 
chology, in contrast to the more modern treatment of others. Since the 
book advances no new systematic presentation of the subject-matter of 
psychology and since the author draws very heavily on secondary sources, 
the least that could be expected is an eclectic summary of the most recent 
concepts and data in each division of the field. The author appears to be 
most expert with his references in the chapter on the nervous system, in the 
discussion of instinct, and in the chapter on spatial perception; but the last 
chapter of the book, with the possible exception of the one on intelligence, 
leans heavily on material that is traditional without much attention to the 
more recent authoritative papers in the field. 

One of the chief faults in the book is the exposition of the introspective 
method. In spite of all that Wundt has done to caution workers in experi- 
mental psychology against that form of observations which lacks objective 
control, the author repeatedly refers to introspection as a method which is 
charged with personal evaluation. He is right in starting with an emphasis 
on the observation of one’s own mind, but he confuses the issue by making 
introspection equivalent to the sort of interpretive self-analysis that is 
epitomized by the phrase ‘‘What is the matter with me?” (24), or con- 
tained in the phrase ‘“The criminal condemned to the gallows is often quite 
sure he has introspectively analyzed out the exact psychic causes of his 
downfall’ (25). Unless one is indeed systematically convinced of a “‘self”’ 
psychology it is scientifically inaccurate to describe introspection as self- 
observation especially when it is “carried on under . . . ordinary . . . con- 
ditions” (22). On the other hand, without further exposition it is harmful 
to summarize one phase of psychological procedure by saying that ‘in the 
realm of sensation psychology has used successfully the methods of the 
physical sciences” (18) and then to go on to say that the methods change 
when the higher mental processes are investigated. It is doubtful, more- 
over, whether many psychologists, either in the pure or the applied field, 
will generally confuse intelligence with the thought processes as the author 
has repeatedly done. 
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The author tries his best to make peace between the two outstanding 
schools by defining psychology as “‘the science of consciousness and behavior 
and their inter-relations’’ (28). 

After these introductory matters are dealt with we find about the 
usual proportion of the textbook devoted to sensation, but here again the 
author uses his concepts loosely. In the preceding chapter consciousness is 
confused with the control of the situation through ideas (45). Now, we 
find that every sense organ is represented by an area in the brain (53) and 
the skin is classified as a sense organ. In spite of much of the work that 
was done during the War on the semicircular canals, the writer speaks both 
of the “‘sensation of dizziness” (15, 112) and of the adjustments made from 
the semi-circular canals as reflex adjustments, adhering quite my there- 
fore, to the debated Barany interpretation. The work during the War also 
brought out experimental investigations of sound conduction other than 
by means of “vibrations of air” (115, 117) since sounds were conducted 
through liquids and through the ground as well. 

The Western Electric as well as the Seashore instrument for testing 

itch is called an audiometer. The upper limit of pitch is given as being 
in the neighborhood of 30,000-40,000 d.v. The objection which the author 
voices aginst the color pyramid involves a complete misunderstanding. 

The use of the text will be quite limited. It presents no new point of 
view nor a radically new treatment of the various sections of psychology. 
There are a few new illustrations but for the most part these are all taken 
from standard sources. Here and there new data are introduced and 
fundamentally the author is correct in his insistence on the ultimate basis 
of experience as the ground work of psychology. But why so many illogical 
counterblasts as, for example, the statement that “information of great 
value and certainty may be gained by the study of the structure or func- 
tions of the brain and nervous system”’ (22). Are these facts of value in 
physiology and neurology or are they psychological facts? Would the 


physicist say that information pn te the valence of the chemical ele- 


ments would be of great value to physics? Of course, the point is that the 
physiological and anatomical substrate of mind yields many facts for the 
interpretation and explanation of mind but surely not facts as a basis for 
mental description. 

University of A. RucKMICK 


Principles of Abnormal Psychology. By Epmunp S. Conxuin. New 
York, Henry Holt & Co., 1927. Pp. vii, 457. 

The scope of abnormal psychology has never been well defined. The 
abnormalities likely to receive systematic treatment are mostly on the 
minus side of the norm; functions more or less disturbing to harmony with 
the environment or to progress. It also includes functions quite normal, 
but not stressed in normal psychology, such as dreams. It is a much more 
vague term than pathological psychology or psychopathology, with their 
definite connotations of disordered function. 

As Professor Conklin envisages the field, the focus is on disordered 
function more than on disordered personalities, taking up in order, dis- 
turbances manifested at a sensory level, the amnesias, delusion formation, 
the psychoses (essentially under the classifications of dementia praecox, 
the manic-depressive conditions, paresis, epilepsy), the psychoneuroses; 
then es and the war neuroses, multiple personality. Two chapters 
are rather specially concerned with psychoanalytic procedures and claims. 
There are good critical accounts of Iepnatio and spiritistic phenomena. 
Here follow a chapter on dreams and one on the effects of drugs, the latter 
relatively strong on the documentary side. It seems a pity in such a work 
to have made a single and necessarily sketchy chapter of feeblemindedness 
and genius. A concluding essay at a historical background deals with per- 
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sonalities who have influenced psychopathological thought; it would have 
been much stronger if the theme had been the history of cultural attitudes 
towards the phenomena. The style is straightforward and objective; there 
is no appeal to literary effects, nor, it may be added, to the various types 
of (journalistic) sensationalism to which the topic lends itself. In this last 
respect indeed, Professor Conklin has all but leaned over backwards. 

The appeal is to an undergraduate course in the subject, and one taken 
from the standpoint of general culture rather than for introduction to more 
advanced work. Much more effort has been put into the task than ap- 
pears on the surface, or may be appreciated by one not himself familiar 
with the field. The documentation could, and perhaps should, have been 
made much more detailed; this is one of the factors that limits the volume 
as an ‘introduction.’ Also there are speech forms not in good technical 
use, such as melancholiac, and paranoiac. Nietzsche’s psychosis was hardly 
relevant to the question of genius and mental disease. The reviewer agrees 
heartily as to the use of the term ‘extraversion,’ but less well as to the 
rationalizing (p. 740). In a volume from the University of Oregon of all 
places, there is singular lack of reference to synaesthesis—the very word is 
not in the index. 

For better or worse, the book does not far transcend the level of a com- 
pilation. The accuracy of reporting that one expects of a good compiler 
appears to be present, and must not be undervalued. At the same time, the 
advanced student must check these things; though the account be meticu- 
lously accurate one could hardly cite a work of this character as authority 
for, say, Clark Hull’s studies of smoking. The regret must be repeated 
therefore, that reference to sources was (intentionally) not made easier. 
There is further evidence of indirect contact with the large portion of the 
field concerned with psychopathology. In no other way is it possible to 
account for the relative status in the book of Kraepelin and Bleuler. 

With the undergraduate orientation of the volume, it may be pertinent 
to raise the underlying question of the topic’s adjustment to undergraduate 
teaching. The natural attractions of the topic at this stage lie partly in 
the salve that the contemplation of others’ weaknesses affords to one’s 
own status-complex, and partly in thrills anticipated from more lurid as- 
pects of psychiatric experience (‘‘Now doctor, we want you to show us some 
of the very worst cases you’ve got”... ). It is overloaded with nomencla- 
ture, and prone to substitute verbalism for experiment. Abnormal, resp. 
pathological psychology is not without content of direct undergraduate 
value, but it seems to fit better into the setting of mental hygiene, or the 
general introductory course, than as an independent discipline. The latter. 
belongs to a more specialized level. Its content is omen mainly from 
psychiatry, anthropology and literature. Need for a standard synthesis 
is not externally pressing but awaits, like other achievements, a genius 
adapted to it. 

Boston Psychopathic Hospital F. L. WELLS 


Interpretation of Educational Measurements. By T. L. Keunxy. Yon- 
kers, World Book Co., 1927. Pp. iv, 355. 

The justification for this volume lies in its last two chapters. In the 
first of these, the author, with the assistance of five other judges known in 
the field of measurements, has attempted to evaluate the numerous tests of 
intelligence and school achievement. In the last chapter, Kelley presents 
classified and graded lists of tests with reliability coefficients, population 
used in determining tests standards, measures of deviation, etc., as well as 
data on publisher, year, cost, and other facts of interest to the prospective 
user of the tests. In order properly to appreciate the statistical information 
here given, it must be assumed that the reader had perused the preceding 
chapters or their equivalent. 
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But in general it can hardly be said that this volume is suitable as a text 
for those og to study the problems of measurements. The historical 
survey (Chap. I) is inadequate for the beginner and adds little to the 
equipment of others who are not beginners. The second chapter touches 
in @ very cursory manner on a number of theoretical questions, such as 
diagnostic value, endowment versus training, reliability, validity, and 
others. The new student is unprepared—in the psychology of tests or in 
statistics—to profit «! the discussion. Still, the experienced student will 
probably find there a few challenging statements. The following chapters 
on the measurement of group and individual achievement, determination 
of individual idiosyncracies, and studies of certain inequalities of develop- 
ment are distinguished from the many others that have been written on 
these topics by Kelley’s emphasis on the a error of observed data, 
a point that might well be brought forcefully to the attention of users of 
tests. The topics considered in the chapter headed Elementary Statistical 
Procedure can better be studied in one of the recent texts devoted to the 
statistics of psychology and education. 

In the eighth chapter Kelley sets out to prove that tests of intelligence 
and tests of achievement are measures of the same thing. His thesis is that 
because the two types of tests show a high positive correlation, we are 
therefore measuring not two functions but one. If he means that for prac- 
tical purposes one may serve to predict performance in the other, then we 
have no quarrel with his view. But if we are to take him literally, then we 
must be ready to reject the concept that intelligence tests are significant 
in instances where specific school learning has ‘~~ no part, or an unequal 
part in the performance of different individuals. But it is doubtful, whether 


many would go very far with Kelley in his belief, or that they would be 
justified in subscribing to his point of view. It would be necessary—if we 
were to agree with him—to conclude that because the number of household 


utensils correlates highly with the equipment in the living room the two are 
the same thing. It is to be noted also that in this chapter the author, in 
establishing the applicability of his formulas, makes certain assumptions 
which, while not extreme, are still very broad. 

However, the student of measurements of intelligence and achievement 
will find the volume thought provoking, for Kelley challenged some of 
the beliefs in this branch of psychology. 

Cornell University Frank S. FREEMAN 


NOTES AND DISCUSSIONS 


DEMONSTRATIONAL EXPERIMENTS IN MEMORY 


For a number of years, during the lectures on memory in introducto 
courses in psychology, I have been using crude class experiments, whic 
have yielded such definite and convincing results that a note about them 
now seems desirable. 

There are four materials and presentations: (I) Ten nonsense syllables, 
for 12 repetitions and immediate reproduction. (II) Ten 3-letter familiar 
words, for 12 repetitions and immediate reproduction. (III) Five nonsense 
syllables, for one repetition and immediate reproduction. (IV) Ten non- 
sense syllables, for 4 repetitions at each of 3 successive lectures, and im- 
mediate reproduction on the third day. 

The syllables (or words) were lettered in ink on charts and exposed on a 
frame by raising a roll-shade. The class read the series aloud with the 
lecturer, in trochaic rhythm, at a rate which the lecturer supposed to be one 
syllable per sec. The method was that of retained members. For repro- 
duction the class wrote down the syllables immediately upon the drawin 
of the shade, and then corrected their own results. The class was poll 
by show of hands and the average amount correctly retained computed 
on the blackboard. 


Percent retained (av. for class) 


Experiment: 


(I) 10 syllables, 
12 repetitions 67 68 64 63 58 65 72 63 
(II) 10 words, 
12 repetitions 99 92 93 92 92 94 92 94 
(III) 5 syllables, 
I repetition 76 73 76 82 78 88 79 86 
(IV) 10 syllables, 
3x4 repetitions 74 _— 78 79 73 73 83 83 


. The table gives, as a to k, the results of eleven experiments of this sort. 
I do not attempt to give details, for my point is that the desired differences 
come out in spite of the crudity of the method, the obvious sources of error, 
and the great variability of conditions. The numbers in the groups range 
from 26 (h) to 131 (c). The groups were of men and women (a, b, Cornell, 
1916-17), of men (c-g, all but one Harvard, 1924 et seq.), and of women 
(h-k), Radcliffe, 1924 et seq.). The materials in a and b were different from 
the later series (c-k). The distribution in IV was with two-day intervals 
within the week in a to e, h, and i; but with a five-day and\a two-day in- 
terval in the other cases. This difference, however, does not seem to 
affect the results. 

The base for comparison is (I), which is the least number in every 
column. It is true that practice favors the other three tests, but I do not 
believe that it is primarily responsible for the differences. The demonstra- 
tions are: 

Meaningful material. Compare (II) with (I). The striking difference 
(av. 94% and 65%) is not all of the experiment, for every student realizes 
from his own experience how much more he has in memory after-image in 
(II) than in (1). 
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Length of series. Compare (III) with (I). The difference is less (av. 
80% and 65%), but, although it is convenient in lecturing to have this 
difference, a difference is not really required if one is making Ebbinghaus’ 
point that the number of repetitions necessary to master a short material 
may be decreased much more than the series is shortened. Of course 65% 
in (I) means 6.5 syllables, whereas 80% in (III) means only 4 syllables, 
and the demonstration is less clear cut if one talks simply about numbers 
of ‘bonds.’ This experiment, like the last, has also its introspective side: 
the student realizes that he has the five syllables of III for a moment within 
_ ‘range of cognition,’ and the lecturer can refer to the laws of attention 

ere. 

Distribution of repetitions. Compare (IV) with (I). This difference is 
the least (av. 78% and 65%), yet in all these cases the difference has come 
out in the direction which simplifies exposition. The lecturer has to point 
out that forgetting tells against (IV) only, and it is convenient for him to 
note that, in spite of the great effects of forgetting, there is nevertheless 
some improvement on account of distribution. Introspectively many 
students will observe the greater degree of attention with which they come 
back to series (IV) after an interval, as against attention when the repeti- 
tions follow each other all at once in (1). Only occasionally will a student 
admit having thought of the syllables in the interval between lectures. 

The value of demonstrations of this sort does not depend upon the 
lecturer’s belief in the correctness of the associative law of frequency. The 
facts shown in these laws, like many others, can be presented as showing 
that the associationistic law is incorrect. I have once tried presenting 
them as Gestalten! 


Harvard University Epwin G. Borina 


Tue Tuirty-SixtaH ANNUAL MEETING OF THE AMERICAN PSYCHOLOGICAL 
ASSOCIATION 


The thirty-sixth annual meeting of the American Psychological Associ- 
ation was held at Ohio State University, Columbus, Ohio, on Wednesday, 
Thursday, and Friday, December 28-30, 1927. There was a total registra- 
tion of four hundred and eighty-nine, which was ninety more than last year. 
This is a record attendance, and with the —_ increase which is occurring 


in the membership, we may be sure that the record will not stand long. 
This rapid growth of the Association, which is due principally to the 
broadening of the admission requirements for associates, will undoubted] 
cause many changes in the arrangements for future meetings, for it will 
soon be difficult to find a banquet room which will seat all the members in 
attendance at the meetings, or to find lecture rooms large enough to hold 
one-half of those in attendance. 

The number of papers submitted has not increased in the same propor- 
tion as the membership. Nevertheless, the Program Committee must be 
finding its task beset with many difficulties, and it is safe to predict that 
there will be radical changes in the program in the near future. The geo- 
graphical distribution represented by the members attending was even 
wider this year than last. There were thirty-five states and six foreign 
countries represented, as against thirty-three states and three foreign 
countries. 

Parallel sessions will continue to be necessary, unless the Program Com- 
mittee decides to reduce the number of papers by at least one-half, or to 
introduce round-table discussions where numerous short papers can be 
presented. There were nine formal sessions, and two sessions for graduate 
students. At the former sessions, members and associates presented sixty- 
four papers, and at the latter sessions the graduate students presented 
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twenty-one papers. The parallel sessions were not staggered as they were 
in the previous year, which seemed a wise change, as little is gained and 
often confusion ensues from such an arrangement. 

There were two round-table conferences on Experimental Psychology, 
and one on the Analysis of Mental Traits. As usual, these conferences 
proved very valuable. Attendance at them was large, so large in fact that 
discussion was stifled in the experimental conferences until toward the 
end of the second meeting. 

On the average, seven papers were presented at each meeting. An 
examination of the titles of papers which were read by members and associ- 
ates reveals that there were fourteen papers on experimental psychology, 
thirteen on clinical psychology and mental measurements, nine on voca- 
tional psychology, seven on general psychology, seven on educational 
psychology, seven on animal and comparative psychology, and six on 
social and abnormal psychology. 

The abstracts of the papers have already appeared in the program and 
also in the Annual Report of the Secretary, which has been published in 
the Psychological Bulletin, so that it is unnecessary to describe them in this 
place. It might be said, however, that the range of topics seemed to be 
greater than at some of the previous meetings. For example, in the ex- 
perimental session there were papers in the sensory field, and on perception, 
attention, memory, reaction, and learning. The sessions for graduate 
students were not always as well attended as they deserved. Some of the 
—— were very good, and frequently aroused lively debate. 

At the business meeting, twenty-nine new members and eighty associ- 
ates were admitted to the Association. It was voted to hold the thirty- 
seventh annual meeting at Columbia University on Thursday, Friday, and 
Saturday, December 27-29, 1928. 

About two hundred and fifty persons attended the annual dinner, which 


was as pleasant as such dinners usually are. After the dinner, Professor H. 
L. Hollingworth delivered the presidential address entitled “Sensuous 
Determinants of Psychological Attitude.” It was witty as well as scholarly, 
and was greatly appreciated by the large audience. 


Princeton University H. Lanereip 


Tue Twenty-THirp ANNUAL MEETING OF THE SOUTHERN SOCIETY 
FOR PHILOSOPHY AND PsyCHOLOGY 


The twenty-third meeting of the Southern Society for Philosophy and 
Psychology was held at the Virginia Military Institute, Lexington, Vir- 
ginia, on April 6-7. The morning program on Friday was preceded by a 
warm address of welcome by General William H. Cocke, Superintendent 
of the Institute. In the first paper on the program H. C. Sanborn (Vander- 
bilt University) discussed the neo-realistic conception of music. From 
the point of view of the neo-realistic school, which originated with Herbart, 
music consists merely of the formal patterns, or ténend bewegte Formen, 
which are non-expressive. On the pe hand the emotion of the repro- 
ducing artist, and that of his auditors as well, is taken—in contrast with 
the attitude of the composer—to be real. This subjective element, how- 
ever, is viewed by the school as irrelevant to the work of art as such. In 
criticism it was urged by Sanborn that this view fails to note that the 
esthetic attitude is everywhere concerned not with real emotion, but with 
emotion that is objectified, projected, or felt into imaginary forms which 
serve as the medium of communication between the artist and those with 
whom he communicates. The neo-realistic view considers the work of art 
in abstraction from subjects as though pure forms really exist, whereas 
only in connection with subjects does the concrete work of art come into 
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being, according to the view taken in the paper. This does not imply 
necessarily that the work of art, and more especially music, is not the bearer 
of a universal content. This content is not, however, specific emotions, 
or the definite ideas by which emotion in general is rendered specific, but 
rather the general background of psychic life with its indeterminate striving, 
emotional moods, and obscure indefinite ideas. The especial esthetic 
value of music is the expression of these aspects of life. Charles A. S. 
Dwight (Keuka College), in a paper on interaction of a and psy- 
chology, contended that either philosophy does leak into psychology (in 
which case such admixtures should be clearly labeled as opinion) or it 
does not (leaving such questions as the self, purpose, character, etc. to be 
settled elsewhere outside of the psychologists’ little court). In either case 
there should be frankness of discussion. Many of the statements passing 
as scientific findings are but mental constructs or inferences from facts, 
which should be clearly understood to be only individual visualizations 
of the data. While it is desirable for convenience to keep the two disci- 
plines apart, actually they parallel, and will reciprocally influence each 
other. He deplored the exclusion by most psychologists of the soul, which 
is a red rag to the ‘behavioristic bull.’ A spiritual system of philosophy 
has as much right to ‘psychologize’ as any other. Philosophy was regarded 
by him as the queen in considerations of the question: What is knowledge? 
and yet the sciences are tending to build philosophies of their own without 
the guidance of the general theoretical Cechessand. The pee seemed 
to the reviewer to miss the real spirit of modern science, including experi- 
mental psychology, and to assume wrongly that psychologists are anxious 
to ‘psychologize’ (an unfortunate term) in the sense of entering into philo- 
sophical problems. If metaphysics is, as the paper defined it, the art of 
getting on with one’s facts, it is clear that the scientist must not be deprived 
of this art within the limits of his own field, even though he may not care 
to go into questions of ‘ultimates.’ The transgression of these limits by 
some scientists is probably irrelevant. With two exceptions, the papers 
that followed were ee. 

H. M. Johnson (Mellen Institute, University of Pittsburgh) discussed 
the social significance of fatigue. While fatigue in an individual receives 
respectful consideration from one’s fellows, contrary to the case of drunken- 
ness, fatigue and intoxication differ chiefly in the manner in which they are 
brought about. Once produced, they are essentially alike. Every major 
symptom of intoxication which has psychological interest is counterfeited 
in fatigue. Small doses of alcohol or of an opiate bring about excitation, 
as does a moderate amount of exertion. That certain special tasks—mis- 
called ‘tests’—can be performed more speedily and more accurately at 
the end of the day than at the beginning, is shown by carefully controlled 
experiment. Both moderate exertion and slight drinking are attended 
by euphoria, an estimate of personal well-being which onlookers may not 
share. With later stages of fatigue, as of intoxication, come grosser im- 
pairment. One of the earlier forms is a growing clumsiness, particularly 
of the more delicate coérdinations. The codrdination of the two eyes 
occasionally fails, at least temporarily, giving rise to double vision. Speech 
defects, not merely in the form of slovenly enunciation, but also in the loss 
of words, are common in fatigue. Disturbances in attention, which in- 
crease accidents in the factory and on the highway, are frequently noted as 
symptoms of fatigue. One form is the loss of normal distractability so 
that a person who is still able to — a restricted task acceptably dis- 
regards the important demands of unexpected changes in his surroundings. 
Interference with normal activity may produce emotional outbursts which 
are not common when the individual is not fatigued. Social restraints 
become increasingly disregarded, so that the person becomes inconsiderate, 
overbearing, quarrelsome, or may impose on others by slacking. Profanity, 
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obscenity, and the like are more conspicuous in fatigue than in the normal 
state; and are sometimes manifested at such times by persons who are 
normally decent. In more advanced stages the fatigued person may lapse 
into infantile behavior, such as talking to himself and addressing inanimate 
objects which he tends to personify. The later stages are sometimes 
marked, as in the Chicago experiments on deprivation of sleep, by hallu- 
cination and delirium—an effect which the ovis strives to obtain by 
dancing before the Lord. Finally, as in alcoholism and in drug-addiction, 
the tired person may exhibit an abnormal appetite for the agent of im- 
pairment, postponing the hour of retirement, seeking countless odd jobs 
to give the postponement an appearance of reasonableness, and reading 
long after he does retire. If whens attempt to induce him to hasten 
to rest, he may show resentment as does the drunkard, who, long after he 
has passed the pleasurable stages of intoxication, insists upon continuing 
to drink and upbraids his friends who suggest that he go home. Verworn 
suggests that both fatigue and narcosis are essentially special forms of 
cell-asphyxiation. Moreover, the deprivation of oxygen often produces 
every psychological symptom common to alcoholism and fatigue. The 
possibility is not overlooked, that, as many products of incomplete oxi- 
dation of food materials of the body belong to the families of the alcohols 
and the ethers, it is possible that in fatigue the cell is actually intoxicated 
by products of its own manufacture. rtain social considerations were 
added and were discussed in the meeting. May the euphoria from alcohol 
denied the individual by society, be obtained by the right amount of fatigue 

To what extent may society regulate the activity of individuals which 
brings about the graver forms of abnormal behavior? Is longevity due 
to the regulation of fatiguing activity, sleep, abstinence from the use of 
alcohol, tobacco, etc., if such regulations can prolong life, purchased at too 
dear a price? Is one to be deprived of the thrills from the extremes of 
fatigue and recuperation, the ‘ups and downs’ of life? In the discussion 
it was suggested that fatigue may not be all of the same kind, as intoxi- 
cation is not. 

J. F. Dashiell (University of North Carolina) on the question ‘Are 
there any emotions?” defined emotions as visceral reactions, summarized 
some of the leading recent researches on such reactions, and maintained 
that they have yielded no such uniformity of results as to indicate innate 
emotional patterns. On the contrary, he maintained that there are only 
facilitating and inhibiting organic processes which become controlled and 


regulated by society, and which, because of the constancy of certain social 
stimuli, may take on a degree of re No original data were pre- 


sented. In the discussion of this paper, Dorcus held that experiments 
like those by Todd of Western Reserve did show a constant drop in the 
position of the stomach and that the balloon method of recording stomach 
contractions was inadequate for showing what changes actually occurred. 
Vivienne R. McClatchy (Florida State College for Women) reported 
preliminary results of an investigation of the relation between general 
intelligence and commonality of association responses in the Kent-Rosanoff 
association test. Significant correlations had been found earlier between 
ratings on originality and uniqueness of associative response, and Miss 
McClatchy had published high postive correlations between commonality 
of response and proficiency in certain linguistic tests. The present in- 
vestigation with 48 college students resulted in a coefficient of —0.27 be- 
tween commonality of response in a group form of the Kent-Rosanoff 
test and score on the Otis S-A Test, and in one of —0.29 between common- 
ality in the Kent-Rosanoff and scores in the Otis Group Intelligence 
Test, Advanced Examination. It was reported that a frequency table of 
responses by college students to the Kent-Rosanoff list is in preparation. 
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Max Meyer (University of Missouri), in the last paper on the forenoon 
program, raised the question of standardizing the content of the general 
psychology course. He held that each psychologist teaches a psychology 
but not psychology; that a vote of psychologists should be taken on what 
really is psychology. This would not prevent each instructor from teach- 
ing what he pleases, but the result of the vote should be made known to 
the public. He suggested that sub-committees might do similar work on 
the different divisions or courses in psychology. By a vote after discussion 
the matter was referred to the Council. 

In the afternoon program Roy M. Dorcus (Johns Hopkins University) 
presented results of a study of the effects of exhaust gases upon per- 
formance in certain psychological tests. Through a period of about 2} mo. 
6 Ss were exposed d dally for some 23-6 hours each day to exhaust gases 
from a gasoline engine in amount of 2, 3, and 4 parts of CO per 10,000 of 
air. During this time they were given 'the following tests: tapping, steadi- 
ness, dynamometer, arithmetic, location memory, substitution, and con- 
tinuous reaction. Results were compared with performances under con- 
trol conditions. No significant differences were obtained. 

W. W. Rogers (New York University) reported preliminary obser- 
vations on the behavior of five kittens toward white rats of the same age. 
Three of the kittens were each kept in an observation cage with a white 
rat 6-10 hours a day, and two were each with a rat only 15 minutes once 
a week. Postive manipulatory responses of the kittens toward the rats 
first appeared at the age of 11 days. Earlier than this a cessation of mewing 
and of other random behavior was noticed when the kittens came into 
contact with the rats. The manipulatory behavior became more aggres- 
sive as the animals increased in age, but up to 68 days (the limit of the 
observations) no kitten made any food-taking reactions toward a rat. 
When the kittens were 67 days old they were each placed in the cage with 
a gray mouse. Only one kitten (the one with the wildest mouse) caught 
and killed the mouse; but its reactions toward the white rat the following 
day was not changed. The mouse was probably attacked because of its 
wild behavior, thus increasing the stimulus to arouse the attacking im- 


ulse. 

English Bagby (University of North Carolina) discussed the nature 
of traumatic experience as illustrated in the behavior of a senior student 
at Yale. The young man come in to take several psychological tests “to 
know his mental assets and liabilities.” His hyperactivity led to an in- 
vestigation as to its cause. It developed that he had a sister who had 
“gone insane”’ (dementia praecox) at 22, the age he was now approaching. 
There were other cases of insanity among his relatives. The situation was 
such as to increase his tensions, and his knowledge was not sufficient for 
him to face his problem frankly and rationally. Everything pointed to 
an eventuation for him which he feared and was powerless to avert, so 
instead of constructive thinking on the situation he was thrown into dis- 
tractive activities and repression. Such episodes, or experiences, were 
defined as traumatic because they establish conditioned fear reactions which 
are maladjusting and persistent. When this subject was informed, from 
the psychological examination, that his mental condition was still ex- 
cellent; that whereas his sister had developed her condition between the 
years 10 and 22 in a condition of tension at home and he on the contrary, 
as he was reminded, had not been subjected to such a condition, having 
been in the army, the situation was resolved and the threatening tensions 
removed. This treatment averted the danger and the young man gradu- 
ated and was apparently adjusted. Discussion of the paper developed the 
fact that examinations were approaching at the time of the stress and were 
probably worrying the subject and that the tensions due to this situation 
would naturally relax when he passed the examinations and took up some 
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less difficult and trying work after graduation. The reader of the paper 
was not willing to assert that the feared catastrophe would not have been 
averted even if the psychological study and adjustment work had not 
come in at that point. 

A. E. Edwards (University of Georgia) announced and described some- 
what a laboratory manual for beginning students in psychology, which he 
considered new in the combination of demands made upon t e students. 
These are: minimum instruction and requirement of a maximum of in- 
sight and effort, the requirement of studying and applying scientific 
method, the completion of all graphs, tables, etc., and of the write-up of the 
experiment before the student leaves the class. "The work is to be done as 
nearly as possible as it would be done for a journal article, so far as quality 
is concerned. Fifty experiments are included, each one requiring from two 
to three hours’ work. ‘Scientific method’ was not defined or characterized 
in the paper. 

James B. Miner (University of Kentucky), in an attempt to show how 
we think of the ‘mind,’ suggested that explanation is finding the relations 
among facts and that these relations might be conceived in non-spatial 
analogies. For example, one can think of mind and brain not spatially but 
in mutual relationships. In this manner ‘red’ may be connected with both 
the genetic relations (mind) and the neural relations (brain). Lovejoy, in 
the discussion, held that this analogy had no especial advantage over other 
analogies, that it is no solution of the difficult problem. The reviewer 
suggests that there is no advantage in using ‘mind’ to refer to conscious 
aspects of experience, as some psychologists use it. ‘Mental’ may well 
apply to certain potentialities of response to complex conditions. To say 
that one has a good mind is to recognize such potentialities. 

Following the afternoon program the members of the Society and their 
friends were delightfully entertained with a reception and tea at the home 
of General William H. Cocke, Superintendent of the Institute, and were 
invited to witness a battalion review. In the presidential address, after 
the dinner on the 6th, Josiah Morse considered the relative merits of be- 
haviorism and mysticism from a philosophical point of view, finding the 
mystic horn of the dilemma the more satisfactory. 

In a second paper Miss McClatchy presented a theoretical and statistical 
critique of the concept of social intelligence and of attempts to measure 
such an ability. The George Washington Social Intelligence Test yielded 
negligible differences among three groups of women from which differences 
might be expected: a class group, a group of fraternity women who were 
chosen for their social adaptability, and a group of non-fraternity women. 
Moreover, a correlation of only .16 was found between the George Wash- 
ington test scores and the ratings for social adaptability of the socially 
selected group. A coefficient of .53 was obtained between the scores of 27 
persons on the George Washington test and their scores on the Introversion- 
Extroversion Personal Inventory issued at Colgate Universit; It was 
contended that Moss had not established his social intelligence fester. 

J. M. Fletcher (Vanderbilt University) presented “an old solution to 
the new problem of instinct,” arguing for a lapsed-intelligence theory of the 
origin of instincts. Conscious striving was conceived as an agent in the 
shaping of structures, and the transmission of these acquirements in 
heredity i in the early forms of life was posited. No new data were presented. 
The discussion of the paper centered chiefly on the assumption of conscious- 
ness as a directive factor, but also on the assumption of hereditary trans- 
mission of somatic changes which would have to apply to other than 
single-celled forms. 

William M. Brown (Washington and Lee University) discussing some 
aspects of personnel accounting, presented no data but urged the organiza- 
tion for personnel work in the colleges. Some commonly employed aids 
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for such work were indicated. Miner emphasized the importance of per- 
sonnel work in the higher educational institutions by psychologists, so that 
the work would not be taken over by registrars who are less well prepared 
to do it. Edwards and Lovejoy called attention to dangers in personnel 
work until better technique is developed. 

Joseph Peterson (George Peabody College) presented data on a con- 
stant error in the prediction of scores in the course in general psychology. 
The psychology scores were assigned on the basis of eight to ten competitive 
examinations, and showed a reliability coefficient of .84 as compared with 

.82 for Alpha. Predictions were based on one, two, or three intelligence 
tests (Alpha, Otis S-A, and Atkinson, a short group, ingenuity test). 
Predictability by the best combination of the tests used in multiple cor- 
relation with the ‘criterion,’ psychology scores, ranged from .13 to .28 
better than that based on a omg guess; but there was about 15% loss even 
in this low | mage ny one An en regression equations derived from one class 
were used for the forcasting of success in other classes, the only case of 
real prediction. Moreover, it was found that a constant error of over- 
predicting poor students and the reverse with good ones, lowered still further 
the efficiency of the predictions. The unfortunate thing about this error 
is that it is non-correctable. This constant error is greatest in the cases of 
extreme abilities, just where the prediction would be of most service if 
accurate. These studies have been carried out on about 200 students, and 
show that the factors making for success in a course like psychology (which 
is probably similar in this respect to other college courses) are very complex 
and that their determination to a high degree of accuracy will continue to 
challenge the genius of scientists for some time to come. The constant 
error indicated seems to be present in all forms of prediction based on 
7, sort of data. 

I. M. Brett (University of Tennessee) read the final paper, on the social 
status of art among the Greeks. He challenged the validity of the generally 
accepted view by estheticians that art activities are uniquely non-practical 
and disinterested and that they are pursued for their own sake, independ- 
ently of any instrumental value. This view of art, he held, is incompatible 
with the facts of the art life of the Greeks and the Romans and of the 
medieval period. Among the Greeks the ideal of a great and glorious state 
denieated | every important art activity. Literature, especially in the 
drama, apy om as a means of treating social questions; and sculpture 
took form as the language of a conscious endeavor toward a balanced, co- 
érdinated and harmonious individual and communal life. Beauty followed 
as the unobtrusive result. Civic service was likewise the primary char- 
acteristic of successful Roman art and the common driving force of medieval 
art-creation centered around the effort to save souls. The cathedrals were 
the supremely successful adjustment of means to an intensely desired end. 

The new officers elected are: L. R. Geissler (Randolph-Macon Woman’s 
college), president; Paul L. Boynton (Universi secretary- 
treasurer; and Max F. Meyer gr, oy Ethel Bowman 
(Goucher College), and Josiah Morse niversity of South Carolina), 
members of the council. The meeting in 1929 is to be held at the Univer- 
sity of Missouri, Columbia, Missouri. 


Peabody College JOSEPH PETERSON 


Tue Tuirp ANNUAL MEETING OF THE MIDWESTERN PsYCHOLOGICAL 
ASSOCIATION 


The third annual meeting of the Midwestern $y Association 


was held on May 11 and 12 in Bascom Hall on the campus of the Uni- 
versity of Wisconsin at Madison. On the afternoon of the first day 
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there was a symposium on the problem of insight (Einsicht) in con- 
nection with the theory of Gestalt. Those who were invited to present 
their own views with regard to this concept were H. A. Carr (Chicago), 
C. A. Ruckmick (Iowa), K. S. Lashley (Inst. for Juvenile Research), 
A. P. Weiss (Ohio State), and H. Helson (Kansas). While there was a 
divergence of interpretation of this concept, most of the speakers em- 
phasized the fact that insight designated a quick readjustment of re- 
sponse for which there was no apparent period of learning but which 
nevertheless depended upon past experience. It was generally con- 
sidered a useful term which might bridge the gap between perceptual 
and ideational learning. 

The evening was given over to two separate sessions which immediately 
followed an informal dinner at the University Club. One session was 
in the form of a round table conducted by Professor Max Meyer, on the 
teaching of elementary psychology. At this time Professor Meyer read 
a short introductory paper summarizing the reasons why a large com- 
mittee representing various points of view in psychology should investi- 
gate the question of the uniformity of elementary instruction which might 
directly or indirectly then have its affect on the introductory work in our 
colleges and universities. Thereupon a number of representatives from 
various institutions were given an opportunity to comment on such a 
program. While there was some diversity of opinion as to the amount 
of actual material available, and the present status of scientific psy- 
chology, almost everyone agreed that benefit would be derived from a 
thorough discussion of this pedagogical problem. 

In another simultaneous session, under the chairmanship of Professor 
J. R. Kantor, the problems of social aw were discussed. Papers 
were read by the following: “Comparison of students’ estimates with 
grades received,” by J. P. Porter; ‘‘The measurement of attitudes,” by 
L. L. Thurgtone; “Preliminary report on the measurement of esthetic 


sensitivity,” by N. C. Maier; “Prospectus for a complete study of per- 


sonality,” by W. H. Sheldon. 

On Saturday morning there were again two concurrent sessions, one 
devoted to a symposium in learning and the other given over to experi- 
mental papers. In the session on learning the following papers were pre- 
sented: ‘‘An investigation of meaningless material among pre-school 
children,” by L. B. Slater; “A study of the language development of the 
pre-school child with special reference to sentence formation,” by Doro- 
thea McCarthy; “A reaction time experiment in a learning situation,” 
by G. S. Snoddy; ‘The relative significance of the law of effect in learn- 
ing,” by A. R. Markt; “A problem in learning,” by M. H. Lewis; “Reason- 
ing in rats,” by N. Maier. 

In the experimental session, the following papers were read: “A classi- 
fication of tonal sensation,’’ by C. A. Ruckmick; “Sensibility to odors and 
other phenomena during a fast,” by J. A. Glaze; “Reflex conductive time 
in catalepsy and in the manic phase of manic-depressive psychoses,” by 
L. E. Travis; ‘‘Results of further studies of sleep,” by H. M. Johnson; 
“Measurement of beauty and ugliness in singing,” by M. Metfessel; 
“Quantitative data on the psychogalvanic reflex,” by A. R. Lauer. 

At noon a small group of interested psychologists met for luncheon 
at the University Club to discuss the possibility of a national honorary 
psychological fraternity. Through correspondence with a number of 
institutions, it developed that there was a considerable amount of sen- 
timent in favor of such a movement. At the beginning of the discussion 
it appeared, however, that there were a good many negative opinions. 
Those present felt, however, that on the whole such a development 
might add an incentive to graduate study in psychology. A resolution 
was unanimously adopted, therefore, to the effect that this group advocated 
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the formation of such a fraternity whose members be selected on the basis 
of high standards of scholarship and keen interest in experimental re- 
search, and that steps be taken toward the formation of a larger com- 
mittee to gather at the time of the next meeting of the American Psy- 
chological Association and to consider this question further from the 
standpoint of other laboratories not represented at this time. 

During the afternoon session, laboratory reports were called for from 
the various institutions represented. In many cases, graduate students 
briefly summarized their own experiments while in other instances some 
psychologist in charge surveyed the program of research which was under 
way in his laboratory. At the close, Professor Madison Bentley made a 
unique contribution in his critical and suggestive analysis of an ideal 
experimental procedure. 

Throughout the meetings, opportunity was afforded for the inspection 
of the psychological laboratory at the University of Wisconsin. Some 
thirty-two experimental procedures were set up for demonstrational 
purposes. There was also a display of new apparatus. At the dinner, 
which was held in the Crystal Room of Hotel Loraine, the retiring Presi- 
dent, A. R. Gilliland, gave a scholarly address on the outcome of some 
recent investigations of personality traits. At the speakers’ table three 
ex-presidents of the American Psychological Association were seated: 
Professors Bentley, Carr and Dunlap. A vote taken at this time resulted 
in the election of A. P. Weiss as president for the coming year, and E. 
Culler as new member of the executive council. At this time it was an- 
nounced that the next meeting would be held at the University of Illinois, 
Urbana, Illinois. The assembled psychologists expressed, through a 
rising vote, their thanks to the retiring officers of the Association for the 
instructive program provided, to the department of psychology at the 
University of Wisconsin for the excellent facilities afforded for the ses- 
sions, and to the University for convenient accommodations and thought- 
ful courtesies extended. 

It was the general feeling that these meetings were unusually suc- 
cessful. Although the sessions were much more fully attended, there was 
a registered attendance of 121. About 100 attended the conference 
dinner on Friday evening, and 81 heard the presidential address at the 
final dinner. 

The following universities, institutes, and colleges were represented 
at the meetings: Antioch college; Indiana University; Institute for Juve- 
nile Research; Iowa State College; Mellon Institute of the University of 
Pittsburgh; Northwestern University; Ohio University; Ohio State Uni- 
versity; Stevens College; University of Chicago; University of Illinois; 
University of Iowa; University of Kansas; University of Michigan; 
University of Minnesota; University of Missouri; and University of 
Wisconsin. 

University of Iowa CuristT1an A. RucKMICK 


Wuart Is Waits? 


Until a few years ago all quantitative studies of light were so uncertain 
that this was a — of little interest. Unless one were working specially 


on the blue end of the spectrum any light that looked fairly white to the 
experimenter was acceptable, though artists had already realized that there 
were difficulties, and had come to prefer the light of the north sky. Simi- 
larly, in selecting our clothing we checked our judgment made in the yellow 
se light of the store, by taking it out to the blue-white light outside 
the door. 

More recently there has come to be a demand for a real standard. The 
first one to be adopted was naturally the north sky-light, already accepted 
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by studio artists; but every one realizes that light coming from a source 
as obviously blue as the sky, must be too blue. More recently the Bureau 
of Standards has chosen the direct light of the noon sun; but I think that 
cutting down the sun’s light to any point of brightness where the eye can 
see color efficiently, will convince the observer that the sun is too yellow. 
(The simplest way is to let sunlight fall on a ground glass.) Therefore, 
white obviously lies somewhere between these two values. May I suggest, 
as the next approximation to a true value, the light of a white cloud, 
illuminated alike by the sun and by the diffuse blue light from all the rest 
of the sky. The north light of a cloudy day, when there is not enough 
smoke or coarse water-droplets to give a yellow tint, should have about 
the same value. 

I would also like to suggest a possible refinement of procedure, that may 
give a more accurate value for white than the eye can detect directly. 

When the eye, adapted partially to darkness, is exposed to a bright 
light and then again darkened, there appears a series of colors. If the 
stimulus is short there is a single flash of color immediately after the light 
is cut off, the Hering after-image. If the stimulus is stronger, there is a 
series of colors, but the first one to appear with a given stimulus light 
seems to be constant, and the same as the Hering image for a light of the 
same hue. Now I find in my own case that this first after-image (under 
photopic conditions) is as near as I can judge, of the same hue as the 
stimulus-light, but of notably higher saturation. In this case, a light so 
near white that it is indistinguishible, but really slightly tinted, should be 
followed by an after-image with a visible hue, while an exactly white light 
should be followed by a white Hering-image. In my own case I find that 
the Hering image from the blue sky is a rich blue, from a tungsten electric 
light deep yellow, and that the first phase of the flight of colors is likewise 
blue or yellow. Then trying a blue-bulb electric light, the first phase is 
apple green, but notably quick to disappear and be replaced by the second 
color of the flight—this with a light that is indistinguishible from white to 
direct vision. Finally, the light from a white cloud produces a Hering 
image with no perceptible hue; and if the flight of colors is elicited by such 
a light, there is a substantial preliminary white phase before the usual 
color-display commences. 

I do not know how general this phenomenon is; individual variability 
is the most striking feature of the colored after-images in general, but if a 
wide-spread phenomenon, it should give a promising method for selecting 
the true white. There is certainly a disturbing factor with a certain pro- 
portion of observers; at least at certain brightnesses the flash-image shows 
a strong bias for blue or violet. I think it possible this effect would be 
swamped with brighter lights, as it seems to correlate with the ability to 
see the ‘blue ares’ recently discussed in Science, but the danger would have 
to be kept in mind. 


Cornell University W. T. M. Forses 


Tue GENERAL INDEX OF THE FIRST THIRTY VOLUMES OF THE AMERICAN 
JOURNAL OF PsyCHOLOGY 


This volume of 200 pages marks an advance in the indexing of periodical 
literature in psychology. Several of the psychological periodicals (most 
of them German) have assembled their tables of contents for a period 
of years; but no thorough analysis of the literature comparable to the 
present work has been carried through. Besides giving a complete editorial 
history of the Journat for the first thirty years (1887-1919), it lists by 
authors all articles and reviews. But the main part of the work (140 
pages) is an analytical index under subjects. Here there are something 
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like 20,000 entries under 3000 or more subject-heads. Since these refer- 
ences include not only articles published in the American Journal but as 
well a vast number of books and papers reviewed, the psychologist or 
lay reader will here find a cross-section of the entire field for more than a 
generation. This list serves, therefore, as a general means of entrance 
to the whole subject. While not so inclusive as thirty volumes of the 
Psychological Index (which gives only titles and authors), it is much more 
detailed, much more explicit, and much easier of reference. The two bib- 
liographies are complementary works. The Journat Index has the ad- 
vantage of a single — and a single editor. While the volumes were care- 
fully carded by individual psychologists, the standardizing of the whole 
fell of necessity upon one editor. To this task Professor Dallenbach has 
devoted several months of the most exacting and painstaking labor. No 
one who pretends to an acquaintance with the literature of psychology will 
neglect to use the volume. It will be particularly useful as a part of the 
Handapparat of graduate and research students, who may well begin 
with the 41 entries (p. 153) under periodicals, proceed to psychology, 
experimental psychology, apparatus, and textbooks, and then go on to more 
specific subjects of research. The collegiate instructor who is responsible 
for courses, students’ problems, and the laboratory will soon discover that 
the Inpex will readily and easily admit him to the history and the setting 
of almost any psychological problem or topic which appears in his teaching. 


University of Illinois Mapison BENTLEY 


